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CRs in the Gataxv

“Primaries: produceci in the sources (SNR and Pulsars)
H, He, CNG, Fe; e-, e+; possnbtug 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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Propagation equation

diffusion en. losses source spectrum
Diffusion: D(x,R) a prior
usuattfj assumed Lso&ropw i Ehe Gaiax:j: D YDakD
Do alnd O usually fixed b3 B/C

Enerqy losses: Nuclei: tonisation, Coulomb
Leptons: Synchrotron on the galactic B¥3.6 p&
Inverse Comp&ov\ oW Pho&on fields (stellar, CMB, UV, IR)

Sources: Supernova Remnants, QE) « EY

Nuclear fragmentation, Qi{E) « Wm0y Wi
Dark Matter annihilation, see below



Inkeractions and dﬁﬂ&js A the Gataxv

FRAGMENTATION
ISM H ot He

CR secondaxies
 constvain ?m?o‘ad‘m

5 conslram halo $\2€

Courtesy of M. Korsmeier




The spectrum of secondary fluxes
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See btalle bj A. Kounine

The rigidity dependence of Li, Be and B
are hearly tdentical,
but different from the primary
He, C and 0 (and also p).

10° 2x10°

Li, Be, B fluxes measured by Pamela and AMS
show an identical hardening
Wb enerqgy above 200 GV,
The spectral index of secondaries
hardens 6,13 +- 0,03 more than
for primaries



‘Prapag&&am models vs daka

Weinrich+ A%A 2020

—— BIG (¢ =670 MV) $d B/C
SLIM (¢ =671 MV) [t] Be/C III 3He/4He (AMS-02) * 3He/4He (PAMELA, ¢ =539 MV)

—— QUAINT (¢ =674 MV) ¥ L/

Exn [GeV/n]

Daka own saaan&arj/prima\rj species are well described bj propagation
model with diffusione coefficient power index & = 0.50 & 0,03,

Convection + reaccelerating, or pure diffusion both work.



Propagation models vs data

Several propagation models are tested

Di Mauro, Korswmeler, Cuoco 2311,17150
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Fragmentation cross section uncertainties currently
prevent a better understanding of CR propagation

Korsmeier & Cuoco, PRD 2021



Cross sections for Galactic cosmic rays

Data driven parameterizobions iberbersgtsac), semi~empirical formulae

(Webbers), parametric formulae/direct fit to the data (caprop), MonteCarlo

ﬁ(’)d@.s (Fluka, Greant, ...)
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Differences in the XS parameterizations
| | | Genoling, Putze, Salaki, Serpico AZA 2018

Differences in onhe pafame&eriza&ion wrk a benchmarik model
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Even with the same, although scarce data,
interpretation may be different



Fragmentation cross sections

They matter in both directions: as a Loss term for progenitors,
as a source bterm for daughters

De La Torre Luque.—t- JCAP o2l ah Weirich+ AgA 2021

12C4+H - "Be [16%]
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Probably the most Limiting aspect now
Dedicated campaigns are needed (LHC, NA6L, Amber, ...)



Most relevank Pl«vsws cases

lmprave_ Borown proda&iom cross seckions

Grenolini, Moskalenko, Maurin, Unger PRC 201%

Impact of new measurements (from left to right)
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The evolution of error on the calculated B flux as if new reactions
were measured with perfect accuracy (2C+H is the most critical one)



Most relevank thvsix:s cases

Improva Lithium and Béri,i.i.mm prc:»cim‘::ﬁm\ cross seckions

Genolini, Moskalenko, Maurin, Unger PRC 201%

Impact of new measurements (from left to right)
Error combination on fapc EVOLL, MOT’LLMO, BLQS‘.‘, Aloisio ?RD ROR0

Ao/g“"™e3S. € [15%, 25%] - FREN S
Corr. (all) DL Mauro, Korsmeier, Cuoco 231117180

Uncorr. frag + corr. proj (all)
Desired precision Uncorr. (all)
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Impact of new measurements (from left to right)
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Beriullium case very relevank




" H and He Eso&:-pes

Coste+ AgA 2012

Gomez-Coral+ PRD 2024
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Modelization of cross
sections relies on poor daka
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Am&gro&om prodw&&am bj inelastic
saa&%emv\g}s

Korsmeier, ¥D, DL Mauro PRD 201¥%

doij (

I, T;, Tp). dQ o\)(T;, T, 0).

1nv

dT 47‘(’ nismMm J ¢2(T)

See talle bv

M. DL Mauro

We need cross sections ak <3%



LOWNS

lesm* Populc&

to AMS-02 e+ data

Fit of Galactic

Orusa, DL Maurc, D, Manconi JCA? 2021
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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



e+ proc&u@%wm channel s

L. Orusa, M. Di 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




The et production chain from 2 production

Integral over the pion production cross section convolved with
the probability density function P

: Ul (t[’(. '1;':+) - ])7\'+ /‘(IS2 O-.(IJV)(.:IY"" 11'7+ ) 9)

(I’I‘Tr+ nmnv

The piown production cross section is the integral of the Lorentz
Invariank cross section over scabbering anqgle (or F?-r)

<— daka




A ﬁ&% is F?arﬂ‘fc}rmecl on the gy data

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

Experiment Vs [GeV]

NA49 17.3

ALICE 900

CMS 900, 2760, 7000, 13000
Antinucci 7" (3.0, 3.5, 4.9, 5.0, 6.1, 6.8)

(3.0, 3.5, 4.9, 5.0, 6.1, 6.8)
K+ (2.8, 3.0,3.2, 5.0, 6.1, 6.8)
K~ (4.9, 5.0, 6.1, 6.8)
6.3, 7.7, 8.8, 12.3, 17.3

We use data on ouy, the mulkiplicity n or both.



Results on the ouy for w+ production

L. Orusa, M. DL Mauro, FD, M. Korsmeier PRD 2022
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Data are fitted with very small uncertainties
Our parameterizations resulk appropriate, data are very precise



Total cross section from pp—> e + X
| l L. Orusa, M. DL Mauro, FD, M. Korsmeier PRD 2022

T, =100 GeV

do/dT.+ [mb/GeV]
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ALl channels contributing »0.5% are included.
Uncertainty globally contained to <10%



Effect of scabtering off nuclel
. : L. Orusa, M. Di Mauro, FD, M. Korsmeier PRD 2022

We need a model for the scaltering involving He.
No daka are bhere, We rebj o NA49 p-ﬂ—Cwm*-r-X daka

NA49 Vs =17.3 GeV, n*
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Uncertainty is small, but very Likely is not the true one
Daka on He are mQﬂstarj



Final resulks on e+ cross section

L. Orusa, M. Di Mauro, FD, M. Korsmeier PRD 2022
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Productkion cross section is how khowi “"l"‘? 7% % umaer&aim&-j above
1 GeV. Below we extrapolate,
Comparison with MonteCarlo computations is done for p-p.
Similar results for e-.



The role of ¢* secondaries

DL Mauro, D, Korsmeier, manconi, Orusa, PRD 2023
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e+ secondaries conbribute sigmiﬁaamﬂy to shape
the spectrum at Earth below few GeV
Cross section uncertainties at the sawe level or greater thawn
propagation ones (L= 4 M’p{:)



Amhdeuﬁerm\s Persﬁpc:%wes

Sarksnv&e ef: al,PRD 2022
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B Shukla et al.
Kachelriess et al.
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10
E:in (GeV/nucleon) ' kinetic energy [GeV/n]

Low energy window is a dnsn':over field
Uncertainty i cross sections (L@f&)
Uncertainties on Pc is £ 70%, Pc"3 in the flux (right)
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‘Parhai. aw:( pevsamat

3 Low energy (0.2 <Tpurcio Gev) aniprotons from p-p

2. Antideuteron fusion ok Law'ev\ergaes (p beam 5"10.--102 GreV)
3 F,.;’-Hg...,' A;ﬁ—)‘( (prHe— «a‘-»-%)() ‘

4 '12(’.‘.4—!@ — LEBQB fragmen?:s with isa&ope.s

+ many more!



Ama\%%wai nfarmui.a@. for e proc&uﬂhom XS

L. Orusa, M. DL Mauro, £D, M. Korsmeier PRD 2022

The procedure is fully data driven

F.(pr,zr) = (1 —zRr)*®

. pr — c10\ ™
p(s,pr,2R) = (1 — TR)™ exp(—c3zRr) T (8) X eXp l_c-"pT - (T
. crv/ 8/ 30 6
X exp [—cs s/s0 ’ <Pr2r +m2 — mw) ] X l013 exp(—c14 p7°TR) +
_ Ci9
+cC16 €XP (— (Ich Cl7|) )]
18

Fs and mainly driven bj NA49 daka
High enerqy behavior A(s) tested on CMS and ALICE daka



Fluka MC generator

N. Mazziotta+, AP 2017
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Lomg&msom wp%k Mownte Carlo generators

Koto\obskuj et al,, PRD 2021, 2110,00496

Resulks with Aafrag

EP =100 GeV, e '}’t\\\ e~ AAFrag (QGSJET-1I-04m)
’ \ e' AAFrag (QGSJET-11-04m)
e Kelner2006 SIBYLL
— ¢~ Kamae2006 Pythia 6.2
e* Kamae2006 Pythia 6.2
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FIG. 9: Electron and positron fluxes for a power-law cosmic
ray spectrum (o< 1/p* exp(—p/po)) -

Different MC modelings lead ko considerable differences in the
Production cross section, and consequently on the source spectrum



Resulks ot Large sgr(s)

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

We use O or mulkiplicity

ALICE, VS=0.9 TeV, |y|<0.5
CMS, VS=0.9 TeV, |y|<1
CMS, V5s=2.76 TeV, |y|<1
CMS, Vs=7 TeV, |y|<1
CMS, V5=13 TeV. |y|<1
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Uncertainkies bebween 5% and 10% - wost relevant is % ot Llow al



Antimatter or y-rays sources from
. DARK MATTER

Annihilakion

ﬁeaav

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

I DM decay time
e+, e- enerqy spectrum generated Ua a single annihilation or decay event

Annihilations take place in the whole diffusive halo



