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Primary and secondary cosmic rays in the Galaxy

Primaries: produced in the sources (SNR and Pulsars)
H, He, CNO, Fe; e-, e+
Possibly e+, p-, d- from Dark Matter annihilation

Secondaries : produced by spallation of primary CRs (p,
He,C, O, Fe) on the interstellar medium (ISM)
LiBeB, sub-Fe; e*, p-, d-

All primary and secondary species propagate in the Galaxy,
dominated by diffusion on the magnetic fields
and/or by intense energy losses (leptons)



Primary - mixed - secondary nuclei
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Number of Neutrons (N)

Li - Be - B are fully secondary, 12C and 1O primary. Many are mixed.
Isotopes are relevant (19Be)



Transport equation in diffusion models
for flux (intensity) Ni(E)
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It is a second order differential equation in space and in energy

Secondary fluxes are grossly proportional to their
production cross sections and parent nucleus flux




The Lithium - Berillium - Boron secondary nuclei

AMS Collaboration, Phys. Rev Lett. 2018
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A spectral break in the observed fluxes
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Boron-to-Carbon: a standard candle
for fixing GALACTIC PROPAGATION

Li, Be, B are produced by fragmentation
of heavier nuclei (mostly C, N, O)
on H and He: production cross sections

B/C is very sensitive to propagation
effects, kind of standard candle

Genolini, Putze, Serpico, Salati 2015 Tomassetti, Feng, Oliva PRD 2017
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B/C (ams, PrL 117, 2016) does not show features at high energies



Production cross sections in the
galactic cosmic ray modeling

H, He, C, O, Fe,.. are present in the supernova remnant surroundings,
and directly accelerated into the the interstellar medium (ISM)

All the other nuclei (Li, Be, B, p-, and e+, gamma, ...) are produced by
spallation of heavier nuclei with the atoms (H, He) of the ISM

We need all the cross sections OK - from Nichel down to proton -

for the production of the j-particle from the heavier k-nucleus scattering
off the H and He of the ISM

Remarkable for DARK MATTER signals is productions of:
antiproton, antideuteron, positron and gamma rays.



Current status and desired accuracy of the isotopic production cross sections relevant
to astrophysics of cosmic rays I. Li, Be, B, C, N
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» Ranking of the most important cross sections for the production of Li, Be, B, C, N

* Propagation of uncertainties

Reaction a + b — ¢ Flux impact fape [%] o [mb] Data oo
min | mean | max range

o(12C 4+ H —°Li)  11.0| 13.6 |16.0 14.0 v

o(1°0 + H -»5Li)  11.0{ 13.5 |16.0 13.0 v

o(12C+H —-7Li)  10.0{ 11.9 |14.0 12.6 v

(10 + H —=7Li) 9.6| 11.3 |13.0 11.2 v

o(*’B+H —7Li)  3.00| 3.52 |4.00 21.5 v

o(**C+H —-TLi)  2.00| 2.39 |2.80 22.1

(10 + He —°Li) 2.00| 2.38 [2.80 20.6

o("Li+ H -»°Li) ~  2.30| 2.35 [2.40 31.5 v

o(*2C + He —»°Li)  1.90| 2.33 (2.70 21.6

o(1®N +H —7Li)  1.90| 2.27 |2.60 18.6

o(12C 4+ He —7Li) 1.70| 2.04 |2.40 19.4

o(1°0 + He —»7Li) 1.70| 2.00 |2.30 17.8

o(**Mg 4+ H —5Li) 1.70| 1.98 [2.30 12.6

o(}3C+H —°Li) ~ 1.60] 1.97 [2.30 17.8

o(**Mg + H —7Li) 1.50| 1.74 |2.00 11.4

o(1°B+H —°Li) ~ 1.40| 1.64 [1.90 20.0

o(*N +H -°Li)  1.40| 1.62 |1.90 13.0 v

o(®N + H —°Li)  1.30| 1.60 |1.90 12.8 v

o(2C+H —=1B) 1.20| 1.38 |1.60 30.0 V18

o("Be+H —°Li)  1.20| 1.34 |1.50 21.0

o(*2C +H ='C) 1.10] 1.24 [1.40 26.9 v/  nAa

o(MN+H—"Li) "~ 095 1.13 |1.30 9.3 v

o(°%Fe + H —»7Li) 0.00| 0.94 [1.90 0.0, 23.0

o(°°Fe + H —5Li)  0.00| 0.94 |1.90 [0.01 22.0

(10 + H —!'B) 0.80| 0.90 |[1.00 18.2 /15

o(}'B+H L)  0.71] 0.84 [0.97 5.0 v

o(?®Si+H —5Li)  0.00| 0.80 |1.60 [0.0, 13.0]

o(1°B+H —"Li)  0.70| 0.80 |0.90 10.0

o(?®Si+H —7Li)  0.00| 0.71 |1.40 [0.0, 11.0]

a(*%0 + H =1°N)  0.57| 0.64 [0.71 34.3 /18

o(12C+H —'°B)  0.53] 0.64 [0.74 12.3 /o1

o(*°Ne + H —C°Li)  0.00| 0.63 |1.30 [0.0, 13.0]

s(**0 +H —*30) 0.55| 0.63 |0.71 30.5 v/ nAa

o(*°0 +H —'°B)" 0.50| 0.60 [0.70 10.9 v

o(*'B +He —»7Li) 0.52| 0.60 [0.69 33.2

o(*®0 + H »1°0) 0.51| 0.57 |0.63 30.5 v/  nja

o(*°Ne + H —7Li) 0.00| 0.56 |1.10 [0.0, 11.0]

o(*%0 + H -"Be)  0.37| 0.45 |0.54 10.0 v

o(**0 +H —»*'C) 0.40| 0.45 [0.50 9.1 n/a

o(°%Fe + He —"Li) 0.00| 0.44 [0.88 0.0, 97.0

o(°°Fe + He —°Li) 0.00| 0.44 |0.88 0.0, 95.0

o("Li + He —°Li)  0.42| 0.43 |0.45 52.2

o(13C 4+ He —7Li) 0.34| 0.41 |0.48 34.2

o(12C 4+ H —"Be) 0.34| 0.41 |0.48 9.7 v

o(1°0 + H »13C)  0.36| 0.41 |0.46 17.5 vooo12

o(**Mg + He —°Li) 0.33] 0.39 (0.46 22.5

o(1°N + He —»"Li) ~ 0.33| 0.39 |0.45 28.6

o("Li+H —%He) 0.00] 0.38 [0.76 [0.0, 10.0] n/a

o(*'B+H —'"B) 0.29] 0.35 |0.40 38.9 v

o (**Mg + He —"Li) 0.29] 0.34 |0.40 20.3

o(12C + He —°Li) ~ 0.28] 0.34 [0.40 27.5

o(°®Fe + H —%He) 0.00| 0.29 [0.57 [0.0, 6.9] n/a

Reaction a + b — ¢ Flux impact fape [%] o [mb] Data oo # of channels n range contribution [%]
min |mean | max range 13 [1%7100%] 822
(0 +H —"Be)  17.0| 17.6 [19.0 10.0 %4 25 [0-1%,1%] 7.7
ogiSCJrHH;Be; 15.0| 15.9 [17.0 9.7 v 110 [0.01%,0.1%)] 3.8 nva ua e
o(;“C+H —°Be 8.80| 9.27 [9.80 6.8 v 346 [0.001% 0'01%] 1.3
16 9 E 4 P )
500 T Ho ,7Be) 2.70| 387 |5.00 Gy 526 [0.0001%,0.001%] 0.2
o(*®Si+H —»"Be)  2.60| 2.77 |2.90 10.8 2340 [0.0%,0.0001%) 0.0 ®
o(**Mg + H —"Be) 2.50| 2.65 |2.80 10.0 l
o(*2C + He —"Be) 2.30| 2.48 |2.60 13.7 Channel min | mean | max
o(''B+H —%Be)  2.30( 2.36 |2.50 10.0 12 11
o(**C+H —1°Be) 2.00| 2.16 |2.30 4.0 v C - B 30.8 | 32.7 | 35.3
(;"N+H—>77Be) 2.00| 2.12 |2.20 : 10.1 | v 16 _y 11p 16.2 | 17.7 | 18.8 .
o(**Ne+ H —"Be) 1.60| 1.73 |1.90 7.4, 9.7 12 10
1o 2 108 IARIE experimental work
o(*2C 4+ He »9Be) 1.40| 1.45 |1.50 9.6 122 7 10 : : :
o(2C+H —=!'"B)  1.30| 1.43 |[1.60 30.0 /18 C—- B — "B 2.07 | 2.16 | 2.26
o(!>N+H —°Be)  1.20| 1.29 |1.40 7.3 v igo — ﬁc — ﬁB 1.60 | 1.96 | 2.34
hiSTHomG W imiegr 7 o D 3 N = T
o("'B+H—1°Be) 1.10| 1.21 [1.30 12.9 v Mg — 1B 1.51 1 1.59 | 1.69 O O
o(!'B+H—-7Be)  0.99] 1.16 [1.30 3.6, 4.5] v Ne — B 1.26 | 1.32 | 1.39
o(**N+H —"Be)  1.10| 1.15 |1.20 5.4 v N - B 1.00 | 1.32 | 1.66
U(;§C+H—>1Be) 0.96 1.03 |1.10 6.7 v 28g; _, 11p 0.85 | 1.29 | 1.66
o(3¥si+H —Be)  0.91| 0.96 |1.00 4.5 v 165 _, 11g _, lopg 1.03 | 1.17 | 1.26
c(l°B+H —"Be)  0.93| 0.95 |0.98 6.9 v : : : : Or‘ a Cor'r'ec
o(**Mg + H —%Be)  0.89| 0.94 |0.99 43 120 - izc - ﬂB 0.54 | 1.15 | 1.62
(0 +H —''B)  0.87( 0.94 |1.00 18.2 /15 O — "N — "B 0.68 | 0.83 | 0.92
o(%0Fe + H —"Be)  0.11| 0.92 |1.70 0.6, 11.0] Mg — 9B 0.66 | 0.75 | 0.84
o(:?0O + He —”Be) 0.82| 0.87 [0.92 5.4 160 N 12C N 10B 0.51 | 0.59 | 0.69 °
13 7 . . .
miiond demes H SOSIN SR oo understanding of
o(*2C+H —1°B)"  0.59| 0.64 |0.68 12.3 Vo1 Ne — "B 0.47 | 0.54 | 0.63
(10 + H —1°B)  0.56| 0.60 |0.65 10.9 v 28gj 5 10p 0.32 | 0.53 | 0.67
o(°Be+H —"Be)  0.59| 0.59 |0.60 10.6 v 14N _y 10p 0.39 | 0.50 | 0.65
a§f§Si+He 4>97Be)) 0.53| 0.56 |0.60 19.8 56 _, 11R 011 1]0.49 | 1.10 .
o(°%Fe + H —°Be)  0.06| 0.53 |1.00 0.4, 7.5 : : :
o(>*Mg + He —"Be) 0.47| 0.50 |0.52 [ 16.8 ] 120 — BC - 1213 0.12'] 0.32 | 0.50 r‘eC|Se C a-ra
o(*%0 + H —»*C) " 0.43| 0.47 |0.50 9.1 n/a O — N — B 0.26 | 0.31 | 0.36
U(iZO-%—H —>157N) 0.41| 0.44 |0.47 : 34.3 | v/ 18 Mg — 2Cc = B 0.21 ] 0.22 | 0.25
o(°Fe + He —"Be) 0.05| 0.41 |0.77 2.4, 43.0 56pe _y 10 0.0010.21 | 0.71
s(**0 + H —*®0) 0.37| 0.39 |0.42 30.5 v/  nja : ' :
o(2"Al+ H »"Be)  0.30| 0.38 |0.45 5.3, 5.9] 2?}1\16 - EC - ﬂB 0.19 | 0.20 | 0.22
o(1IN+H —Be)  0.35| 0.37 (0.39 2.1 v 13N — 11C — B 0.14 | 0.20 | 0.25
Zg;cB:igc—j‘;gg; 033 037 10:56 o v 285(2 :)) 128 _, 11 8:18 8;}2 8:3411
SO ony 058l 088 [oar st ®Mg — !B 0.14 | 0.17 | 0.19
o(**Mg + H —"Be) 0.29| 0.34 |0.40 [5.6, 8.8] S —- B 0.09 | 0.14 | 0.17
o(*2C + He —'9Be) 0.31| 0.34 |0.36 5.6 Mg — B 0.11 | 0.13 | 0.14
o(12N + He —7Be)  0.32| 0.34 |0.36 : 14.4 | 27A1 — 1B 0.08 | 0.12 | 0.16
o(*'Ne + He —"Be) 0.28]| 0.30 [0.32 12.0, 15.0 24 16 11
o(*?Ne + H —»"Be)  0.22| 0.25 [0.28 [4.7, 6.4] 24Mg - 230 - HB 0.10 ] 0.12 | 0.13
("B + He »?Be)  0.25| 0.25 |0.26 19.6 Mg — [Na — ' B 0.10 ] 0.11 | 0.14
a(ingJrH a;m) 0.21{ 0.25 |0.29 [4.7, 7.2] Ne - °N — °B 0.09 | 0.11 | 0.12
s(**0 + H —°Li)  0.23]| 0.24 |0.26 0.3 /  nfa 24Mg — 'B - 0B 0.10 | 0.11 | 0.11
Ne — 0 — !'B 0.09 | 0.10 | 0.12 9







Nuclei contributions to antiprotons

Relevant contribution of the different channels to the total production of
antiprotons in the Galaxy (CR-ISM)

Korsmeier, Di Mauro, FD PRD 2018
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The channels involving He - both CR and ISM target -
contribute 30-40% to the antiproton source in the Galaxy
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Interpretation of antiproton data

Giesen + JCAP 2015 Reinert & Winkler JCAP 2018
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Background antiproton can explain data naturally,
mainly because of the small diffusion coefficient
slope indicated by B/C.
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Two halo transport model

Tomassetti ApJ 2012, PRD 2015

Cosmic rays are allowed to experience a different type of diffusion when
they propagate closer to the Galactic plane
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Antiprotons and other species are consistent with the 2 halo model 13



Possible contribution from dark matter

Cuoco, Korsmeier, Kraemer PRL 2017
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the dark matter annihilation cross section,
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Antiproton production cross sections

FD, Korsmeier, Di Mauro PRD 2017
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Cosmic antiproton data are very precise:
production cross sections should be known with high accuracy
in order not to introduce high theoretical uncertainties
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Parameter space to be covered by
future high energy experiments

FD, Korsmeier, Di Mauro PRD 2017

Fixed target Lab frame
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AMSO02 accuracy is reached if pp>pbar cross section is measured with

3% accuracy inside the regions, 30% outside.
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New fixed-target data for the antiproton XS

Korsmeier, FD, Di Mauro, PRD 2018

source term contribution

pp —> pbar+X pHe —> pbar + X
NA61 (Aduszkiewicz Eur. Phys. J. C77 (2017)) LHCb (Graziani et al. Moriond 2017)
V/s=7.7, 8.8, 12.3 and 17.3 GeV Vs = 110 GeV
T, = 31, 40, 80, 158 GeV T,= 6.5 TeV
Fraction of the pp source term covered Fraction of the p-nucelus source term covered
by the kinematical parameters space by the kinematical parameters space
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New high energy data analysis

Korsmeier, FD, Di Mauro, PRD 2018

1. Fit fo NA61 pp —> pbar + X data
. Calibration of pA XS on NA49 pC —> pbar + X data
3. Inclusion of LHC pHe —> pbar + X data
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LHCb data agree better with one of the two pp parameterizations.
They select the high energy behavior of the Lorentz invariant cross section
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The antiproton source spectrum

-21
10 E|||| | ||||||| | T T TTT | T T T | |E
[ — — Param. | i
| —— Param. Il ]
10-22 |- I E—
i — - Winkler
B / —-- KMO i
,/
10—23 IIII| III | IIIIII| | | IIIIII| | | IIIIII| | | |
IIIII | | IIII\III | | ||||||| | | ||||||| | | |
1.2 N \ _
\/\_\\/’___/\(\——‘ _____________
II - — ’\A~ L
A(l.o \/\—//\/\\_'/___‘_-_?;?;__ =<.
D S
0.8 v \\\\\ —
IIII| | IIIIII| | IIIIII| | Illllll\\t\ | |
100 10! 102 103
T5[GeV]

1072
T
T
'\E
% 10722
O,
T;_Im_
I&CJ'
10—23
1.2
~1.0
0.8

Korsmeier, FD, Di Mauro PRD 2018

LT T | ||||||| | L | LR | ]
. — — Param. | i
| —— Param. |l ]
- — - Winkler
B —-- KMO _
IIII| | 2 | IIIIIII| | | IIIIII| | | |
||||| | | |||\|\||| | | ||||||| | | ||||||| | | |
= \ _
\ \A e~ e
- 4
/ N _—)\—5\1 __________ o
7 o — s — == _
~'\~’/ e — \\\\
= —_ -
= ~ —
S \\\
IIII| | IIIIII| | IIIIII| | IIIIII| \I\LI
100 101 102 103
T5[GeV]

Param IT is preferred by the fits.

The effect of LHCb data is to select a h.e. trend of the pbar source term.

A harder trend is preferred.
Uncertainties still range about 20%, and increase at low energies.
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The cosmic positrons

Manconi, FD, Di Mauro JCAP 2017
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Secondary positrons predicted in realistic transport models cannot explain
alone the positron flux.

One or more components are needs, typically in hearby sources
given the strong radiative cooling experienced by e+e-.
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Far and near sources: contributions

Manconi, Di Mauro, FD JCAP 2017

Electrons (positrons) at the Earth
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Most of the electrons from a (Green 2015) smooth SNR distribution come from very few

kpc from the Earth. Less than 10% of e- come from R>3kpc, even considering a large size
L for the diffusive halo.

We can consider separately a smooth SNR distribution out of a Reut,
and single (catalog) SNR and PWN inside that circle. 21



A multi-wavelength, multi-messenger analysis

S. Manconi, M. Di Mauro, FD 1803:01009 PRD subm.

We build a model for the production and propagation of e- and e+ in the Galaxy
and test it against 3 observables:

1. Radio brightness data from Vela YZ and Cygnus Loop at all frequencies.
The radio emission is all synchrotron from e- accelerated by the source

2. e+e- flux from 5 experiments, e+ flux from AMS
Far and near SNRs, near SNRs and PWNe, secondaries for e+e-.
The e+ flux constrains the PWN emission.
e+e- data taken with their uncertainty on the energy scale.

3. e+e- dipole anisotropy upper bounds from Fermi-LAT
Test on the power of this observable on the closest SNRs.



Vela YZ and Cygnus Loop contribution to e+e-

S. Manconi, M. Di Mauro, FD 1803:01009
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Radio data from the SNRs, at all available frequencies, constrain Vela

and Cygnus e- emission to besbelow the present data N
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Vela YZ SNR properties and anisotropies

S. Manconi, M. Di Mauro, FD 1803:01009
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1. Radio data are very selective
2. e+e- and e+ fluxes well fitted

3. Dipole anisotropy excludes configs

* The constraints from e+e- fit give an

exceeding dipole anisotropy.

with anisotropy

* Radio data AND e+e- flux are compatible
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The recent e+ e- data and a unique model

S. Manconi, M. Di Mauro, FD 1803:01009
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2. Near Vela YZ and Cygnus SNR (e-)

3. Near PWNe (e+ e-)
4. Secondaries on the ISM (e+ e-)
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We can fit the whole data (9 free parameters + sol. mod.) with a
consistent model provided that the proper systematic errors
on the energy scale of each experiment are included

Different physical contributions shape non trivial slope changes
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