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CRRs U 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 b»j spallation of primary CRs (p, He,C, 0, Fe) on the inkerstellar
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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The spectrum of secondary fluxes

See talk bj Paole Zuccon

A Helium A Lithium

" Carbon o The rigidity dependence of Li; Be and B
are hearly tdentical,
but different from the primary

He, C and 0 (and also p).

Spectral Index y
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- Hellum Li, Be, B fluxes measured bv Pamela and AMS

- Oxyaemazs | | show an identical hardening

b4 . Wit energy above 200 GV,

The spectral index of secondaries
hardens 0,13 +- 0,03 more than
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?ropaga%wm models vs daka

Korsmeier & Cuoco, PRD 2021

Several propagation models are tested
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Fragmentation cross section uhcertainties currently
prevent a better understanding of CR propagation



?ropaga%wm models vs daka

Weinrich+ A%A 2020

—— BIG (¢ =670 MV) $ B/C
SLIM (¢ =671 MV) m Be/C II] 3He/4He (AMS-OZ) * 3He/4He (PAMELA, ¢ =539 MV)

—— QUAINT (¢ = 674 MV) ¥ L/

Ewn [GeV/n]

Daka own sac:c:-md&rj/primarj spé‘:@ies are well deseribed bj propagaﬁam
model with diffusione coefficient power index 8 = 0,50 0,03,

Convection + reaccelerating, or pure diffusion both work.



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

Thevj natter tia ba&h dnraa%mms' as a loss term for progenitors, as a
source term for daughters

Pe La Torre Lugueﬁ' JCAT 2021 A Weirich+ AgA 2021

Be/B spectrum

12C+H - "Be [16%]
A 12C+H - °Be [9%]
@ °0+H - 'Be [18%]
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‘F’rcz:-bo\b[j the most Limiting aspaﬁ% NOW
Dedicated campaigias are needed (LHCH, NAGL, Ambar/f;c}myass, o)



Mostk relevant pkvsms cases

Improve Boron production cross sections

Impact of new measurements (from left to right)
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Amhpro&om produ@&om bfj inelastic
saa&%arw\gs

Korsmeier, ¥D, DL Mauro PRD 201¥%

doij (

I, T;, Tp). dQ o\)(T;, T, 0).
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We need cross sections ab <«3%



_ Recent daka ab collider

pp —> pbar+X pHe —> pbar + X

V/s8=7.7, 8.8, 12.3 and 17.3 GeV Vs = 110 GeV
T, = 31, 40, 80, 158 GeV Tp=6.5 TeV

Fraction of the pp source term covered Fraction of the p-nucelus source term covered
bj the kinematical Parame&ers space bvj the kinematical Parame&ers space

—— NA49 (1/s=15-20 GeV) - NA61

—— LHCb pHe (1/s=100-120 GeV)
— — NA49 (\/§=10_50 GeV) NAG61 (scaled to \/?:50 GeV) f

— — NA49 pC (1/s=15-20 GeV)

source term contribution
source term contribution
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The am&grobm source spe@%rum

Korsmeier, D, DL Mauro, PRD 201¥%

FE B i S LHCD "E?He_ | 4 X data & our fit
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The effect of LHCb data is ko select a high energy
trend of the pbar source.

A harder trend is PV@’F@WT‘E’;C&



Effects on the total pbar production

Korsmeier, FD, DL Mauro, 1¥02.03030, PRD R01¥%

=
o
|

N

o

Resullk with uncertainkies in
the kjperah correction and

=
o
I

N

[

Lsospiv\ violakion

=
o
I
N
N

The antiproton source term
s affected bj uncertainties of
* 10% from cross sections.

—
|
wn
T
£
™~
>
(]
O
—_
™~
N
I_
a
O

Higher uncertainties
at very low energies




AMS-02 antiprotons are consistent with a
sa&omdar‘v ‘ &s%rapkvsm&{ oriLgin

M. Boudaud, Y. Genoling, L, Derome, J.Lavalle,
D.Maarin, P. Salati, P.D. Serpico PRD RoRo
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Secondary pbar flux is predicted consistent with AMS-02 data
A dark moatter contribution would come as a tiny effect

“f“ramspor% and cross section uncerbtainkies are compara\btﬁ



For hnext generation experiments

Korsmeier, FD, DL Mauro, 1¥02,.03030, PRD 201%

AMS-02 accuracy is reached if pp — pbar cross section is measured with
3% accuracy inside the regions, 30% oulside.



The new frontier of cosmic antiprotons:
low energies bfj GATS

Rogers et al. (GAPS Coll.) Astrop. Phys. 2023, 2206,12991

GAPS (105 day proj. stat.)
BESS Polar Il

BESS 95+97
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Sub-Gey am&iproiﬁcms will be measured i 2023 (and 2028, 2027)
bv GAPS. Robust F?ré:ciw%mms are heeded:
cross sections, propagation, solar modulation






e+ proc&u@%wm channel s

We nclude all these

conkributions,
Similarly for collisions
wikth nuclet.

We mp@.a?ﬁ ALL Ehe
analysis for e~

under charge conjugation

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




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.



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



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]
do/dT.+ [mb/GeV]

10° ' 10°
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= Total
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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 true
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-.



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

E?-do/dE, mb-GeV
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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



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 Likely dominated by secondaries

A PRIMARY ESQMFQMQM& LS sura&v there at high ewnergies



See M. Kachelriess’ ‘talke



Serksnyte et al,PRD 2022
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Low energy window keeps being o discovery fleld
Uncertainties on Pe is £ 70%



sthas tns%

‘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!



Graa& e.ﬁor&s &o be&&ev uuders&amdk Mm:i.ac, am.d &hhhu&i&n i L.f?;S .
Eheorj mod.eis, cia&a hom spate, cia&a from ﬁottcders. |

| 'Do&a ﬂfrc}m sFate are ar:&uai.i.v kamyamd bv Lack cwf premse (<10%) ross
| sa«c&mm V\uti.m, Lsc}&c)pes, am&;mo&er, YS |

*Do&a from tauud@*xs ar@. kngth desirable.
A spea{w rec:mp& cain be pravw{ed bwj &he as%rogar&cte cammum%v



Mostk relevant pkvsms cases

Improve Lithium production cross sections

Impact of new measurements (from left to right)
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Improve Beryllium production cross sections

Impact of new measurements (from left to right)
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Daka correction for feed-down

The pion pradu{:&wv\ cross section can conkain (or not) the plons
From weak decays of strange particles.

C. AlE et al., Eur, Phys, 3. C, 2008

Almostk all the data e.x&e.p&

the older ones are feed-dowin
corrected.

When not, we correct for it.

NA49 pr integrated, MC



Fluka MC generator

N. Mazziotta+, AP 2017
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Light nuclet: pmmames alhd secondaries

Genoling, Moskalenko, Maurin, Unger PRC 201¥%

TABLE 1. Fractions of primary/fragmentation/radioactive
origin (w.r.t. total flux), and contributions of 1-/2-/’more-
than-2’ step channels (w.r.t. total secondary production) at
10 GeV/n. These numbers are independent of the propaga-
tion model if sources have the same spectral index.

CR % of total flux % of multi-step secondaries

% isotope prim. frag. rad. 1 2 > 2

100 66 25
100 66 25
100 66 26

100 73 20
100 78 17
100 65 26
100 66 26

95 79 17
85 70 24
100 82 14

21 77 17
12 72 21
93 83 13
100 56 35

72 87 9
48 83 13
100 89 7

Li
(56%) °Li
(44%) "Li

(63%) 7Be
(30%) °Be
(6%) '°Be

(33%)
(67%)

Q0
OO OO0 OO0 OO0

(90%)
(10%)
(0.02%)
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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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Residual

Uncertainties bebween 5% and 10% - wost relevant is 8% ot Low 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



Effect of galactic propagation

Grenolini+ 2103.04-10%

Galactic propagation has sEfcmS impact on Dark Matter induced fluxes

m, = 100 GeV &p =700 MV m,, = 100 GeV
{ov)p; = 50 (0V)1m . (0v) = (ov)un

(oV)ere- =10 {oV)tn - NFW profile
NFW profile

10
Antiproton rigidity R [GV]

Positron Energy E [GeV]

New AMS-02 sec/prim data allow reduction of propagation uncertainties
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Possible conbribution from dark matter

Cuoco, Korsmeier, Kraemer PRL 2017

pbar/p AMS-02
- Best Fit (¢ =0) :
Best Fit with 1o ,20 |}
-+ Tertiary :
DM

Derivation of covariance
matbrix for systematic errors
(dominated b*j p(b&r)c
absorption cross section) The
significance for DM drops
below 1sigma

Antiproton daka are so precise that permit
to set strohg upper bounds oh
the dark wmatber annihilation cross sectiown,
or to improve the fik w.rb. bto the secondaries
alone adding a tine DM contribution
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