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1) CR data
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DM et al. (2014, 2020, 2023)

1) CRDB (https://Ipsc.in2p3.fricrdb) * Meta-data (refs, dates, infos)

* Plots (online+notebooks+pip-installable)
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1) CRDB (nttps://lpsc.in2p3.fr/crdb) + Meta-data (refs, daes, infos)

* Plots (online+notebooks+pip-installable)
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1) GCR data: challenges
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Extragalactic CRs

Fluxes

CRDB

Astrophysical challenges
* Sources: origin, abundances, Emax
 Transport: turbulence, anisotropies (6<107)
 Origin of quasi-universal power law (E*?)
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Primary Li in GCRs?
Inconsistency of modelled 2H, Li and F with data?
Residual grammage at source (gas cocoons) ?

Dark-matter related challenges
(in rare CRs = e”, pbar, diffuse y-rays)
* How well do we know astro. prod.?

* Are there primary sources?

Excess in pbar at 10 GeV/n?
Anti-helium in AMS-02 data?




1) GCR transport

N (plasma physics) (nuclear physics)
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— Phenomenological transport models to interpret CR data

(DRAGON, GALPROP, PICARD, USINE) S T
.

N.B: microphysics-based approaches make progress!
(e.g., moving-mesh MHD code AREPO)
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1) GCR transport: model parameters
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1) GCR transport: XS key ingredient

ISM targets
(~90% H + 10% He)
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= input ingredients of the GCR calculation



1) GCR transport: uncertainties from production XS
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1) GCR transport: uncertainties from production XS
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1) GCR transport: uncertainties from production XS
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1) GCR transport: uncertainties from production XS

ISM targets
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— Sec./prim. (B/C, F/Si...) constrain transport parameters
[e.g. Weinrich et al., 2020; Ferronato Bueno et al., 2024]

Transport uncertainties dominated by production XS ones
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2) Dark matter searches: uncertainties from XS

ISM = targets
(~90% H, 10% He)

Primary species '
(p, He, C,
O, Sj, Fe...)
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yf p, d e’ y,
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Dark-matter induced
(from DM halo, ~300 kpc)
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2) Dark matter searches: uncertainties from XS

ISM = targets
(~90% H, 10% He)
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(1) Astro. background uncertainties from:

— direct production XS Dark-matter induced
— nuclear production XS (via transport (from DM halo, ~300 kpc)

parameters fixed from LiBeB/C)

(2) DM signal uncertainties from:
— nuclear production XS (diffusive halo size L

determined from ’Be/’Be data and XS) 14



2) XS uncertainties: illustration
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— AMS-02 high-precision cannot be fully exploited
— DM discovery/constraints can be significantly improved with better XS data

Which nuclear data to improve to model GCR at AMS-02 precision?
— Motivation for ranking production XS
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2) Ranking of quantities of interest
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2) Ranking of production paths (P*-"sP coefficients)

Qty / ranking
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2) Ranking of production paths (P*-"sP coefficients)
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v [/ ranking efinition
; king Del
1 e ofA W = 0 V(m,n)(d,4)
—step __ Ysec
Relative weight of a P ; = AT i3 S ink>j
single production path | T Sﬁcv(m mZEER T Z + Z
(1-step or multi-step) P;za?tm — Wsec : . 3
% i , : ¢ ,re
]'lrlklng CB" 2 to .} ----------------------------------------- *'.it‘-i: _________________________ P(".-Fl)—zﬂ.i!p
= d—step _ ]
[ h;l‘]-ﬂ,ﬂ.-ﬂgs ikpj - P;_l; 1:?1 e X
s
i>7 ixh>j
=2 —step __ 1 atep 2—step
e ™ I S
1
10? A / __________
“tifractions!. """ / zl step
/
10" - /
# ZZ—step
/
_ /
&~
- /
109 - L
Z>2-step
101 . ; ; .
1071 10° 10! 102 10° 10*

Eyn [GeV/in]

( pa-sep +k;>( | ))) -1

o (diffusion coeff. slope d ~ 0.5)

1-step

— Multi-step reactions contribute to up to 40% of Li in GCRs
— Impact of n-step reactions go as R"Y"? (peaks at a few GeV/n)

Uniqueness and
completeness of

paths

2-step
160) -

15N

14C

14N 41"/
13C
12G

g

IOBe

10

‘Be

Be A

18



2) Ranking of production paths (P*-"sP coefficients)

Qty / ranking
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2) Ranking of production XS (fanc coefficients)
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2) Ranking of production XS (fanc coefficients)

Qty / ranking Definition Property
Impact of individual ; But... each coeff.
i IR = -2
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; 56 ] cumul : Ghosts
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2) Ranking of production XS (fanc coefficients)

Qty / ranking Definition Property
Impact of individual :
: = J
XS on CR flux et i Tatene=0 D Peat i>
— abe — t"llj‘ ref V{ﬂ .-b:':]

fluz impact

— Network of ~1000 reactions (up to *°Fe) to rank!
[N.B.: CR fluxes use cumulative XS (account for short-lived nuclei)]

Flux impact fs o (mb)
Reaction Mean [Min,Max] Data
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— We have ranked the reactions, but when to stop in the list?

22



3) Propagating XS uncertainties & forecasts

N.B.: fabc coeff. link XS uncertainties to modelled flux uncertainties
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3) Error on flux: qualitative improvement

Assumption on existing or Error propagation formula
future XS uncertainties on propagated flux
Fully correlated A corr

= similar bias on all XS (AI:L"J'“"*') 2= fuce Z f‘mM

ASSUl‘l‘lil‘lg that in a+b (over pessimistic for current XS) Frot a,b,e Tatb—+e
all ¢ measured perfectly
- estimate Fully uncorrelated A unears Ao 2

. = all XS data independent ( ,"tnt) = feec Z ( fubcﬂ)
1mprovc'3ment 01.1 flllX (over optimistic for current XS) Weot ab,c Tatbe
modelling precision

Partially correlated A mizx Ao 2
= same bias for all XS of any given proj. ( .-.'.tnt) 2 foee Z Z ( fubcﬂ)
(mast likely for current XS) Yot B bo Tatb—re
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3) Error on flux: qualitative improvement
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3) Error on flux: quantitative improvement

Assumption on existing or Error propagation formula
future XS uncertainties on propagated flux
Fragments multinomially distributed Al | ™ 1 _
B . - ) . / o 2
= all fragments of interaction measured in exp. ( Vrot ) fsec Z N,, ab
(precision better than £ on (Aier /thiet) for minimal f‘-b_mcj
number of 1?1tejfnctwﬂstm; =2 b Naw if ec:,r:h with €2, = Z 12, Tatb
Nap ensures Nap 2 (faee/E7) X Cap x Y., Cap - Ta+b—c
Reaction Nint
Even better... “O+H 60k
_, forecast for # of reacs (beam time calc.) to reach 3% R oy
precision on modelled flux (to be on par with AMS-02) B+ H 10k
“N+H 10k
“N+H 10k
I2C 4+ He 10k
B +H 5k
BC+H 5k
Li+H Sk
N(£0)=19x 10°
*Si+H 50k
Mg +H 50k
XNe+H S0k
ENe+H 20k
*#Si+ He 10k
TAl+H 10k
®Mg +H 10k
Mg + He 10k
“Na+H 10k
Mg+ H 10k
INe+H 10k
“Ne + He 10k
S +H 5k
®8i+H 5k
?Ne + He 5k
N(< Si) = 3.8 x 10°
*Fe + H 30k
%Fe + He 10k 26

N(< Fe) =42 x 10°



3) Error on flux: forecast on transport parameters

Assumption on existing or Error propagation formula
future XS uncertainties on propagated flux
" o 1 : s, t ety | multi
Fragments multinomially distributed Atbior ~ 1 o2
= all fragments of interaction measured in exp. Drot = feec E N,y b
- Hio a
a, b

(precision better than £ on (Aiet [1hiot) for minimal .
» : — : o
number of interactions Nioy = ) Nap if each with C2, = Z g2, Jatb
.

Ny ensures Ny = (ffccfﬁz) X Cab X 3. Cap Tatb—c
Reaction Nit
1000 MC realisation of XS values + fit of GCR data :‘:(}+H 60k
— sample estimate of 10 contours on parameters lﬁgiﬂe ;g:
B +H 10k
[Following Génolini et al 2019, DM et al., 2022b] BN+H 10k
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3) Error on flux: forecast on pbar flux and L (halo size)

Assumption on existing or
future XS uncertainties

Error propagation formula
on propagated flux

Fragments multinomially distributed
= all fragments of interaction measured in exp. Nos
(precision better than £ on (Aiet [1hiot) for minimal a,b
number of interactions Nioy = ) Nap if each

Nan ensures Nayp,

E (.ffm.fgz) bt Cub b Za.bc’fub

&Tl.'fl-'tnf, multi 1
( Yrot - fsec Z ?

l]lb"l

[
with C n.b = E faba. Tat

1000 MC realisation of XS values + fit of GCR data
— sample estimate of 10 contours on parameters

[Following Boudaud et al., 2020]
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=40 4

[ Current uncertainty
771 Updated XS (without He)
.1 Updated XS (with He)

i Residuals between AMS-02
and [Bo20] prediction

10 100
R [GV]

— New nuclear XS measurements
low risk / high benefit (game changer for GCRs)
NAG61: pilot test in 2018 (Unger et al.)
+ run in coming weeks!
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XSCRC2024: Cross sections for Cosmic Rays @ CERN

Series of XSCRC workshop (2017, 2019, 2024)
(Cross Sections for Cosmic-Rays at CERN)
https://indico.cern.ch/event/1377509/

In brief
~60 participants (~30 presentations)
+ dedicated discussion sessions

Goal: bring together
* GCR experts on phenomenology and data (AMS-02, DAMPE...)
* Particle physicists (ALICE, AMBER, LHCb...)
* Nuclear physics facilities (FAIR@GSI, HIAF@China...)
* Synergies on needs (space rad. protection, hadrontherapy, nuclear codes)

Outputs (past and future)
* Collaborations between different communities
* Measurements of pbar, dbar, He-bar inelastic production XS
* Measurement of nuclear production XS

— White paper (in progress)
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XS for GCRs and their typical uncertainties

Reaction cross sections Production cross sections
(CR destruction) (creation of secondary species)
S~ on targets -
— } 4, -

(ISM =90% H+10% He)
|

E T T T T T T T T[T T T - ————rrr SR SR S
£ He + C total inelastic (a) ] 102 b i
‘;‘ 800 . — . ; !--I..__'..L_'__*._ ________ ‘i"'“'“i 11g
Glauber-Gribov [GEANT-4-09-06] u -E i h . ]
- — — Shen [GEANT-4-09-04] o | "I"""""L-!--frf -------- e 1 0B
600‘ - %‘ 101 E : 3
L N _e = - - - - <« ~» o+ |} / o ] e
400} . - O o
' ' s 1g i f’f 3
: : ] 5 i H
200k Tomassettl, PRD 93, 3005 (2017) . i RelI:lért’& Wlnkler, JCAP 01’ 055 (2018)
1 T T I - i
10 1 10 10 10 10 107 105 10° 105
kinetic energy (GeV/n) E MeV)
Uncertainties ~ 5-10% (on H) Uncertainties ~ 10-20% (on H)

— mostly OK in AMS02 era — big issue in AMS02 era!



http://adsabs.harvard.edu/abs/2017PhRvD..96j3005T
http://adsabs.harvard.edu/abs/2018JCAP...01..055R

XS parametrisations and EXFOR data base

XS Parametrisations
Two “historical” groups/codes

* WNEW (Webber et al., up to 2003): semi-empirical
formula based on “regularities” observed in data

* YIELDX (Tsao & Silberberg, up to 2000): semi-
analytical formula “driven” by theory

Model parameters = global fit on all data
YIELDX better than WNEW for XS reaction with “no data”

GALPROP implementation

Use of WNEW and YIELDX + rescaling on existing data
(Moskalenko & Mashnick, 2003):

e Galp-optl2: starts from WNEW
e Galp-opt22: starts from YIELDX

XS extraction: EXFOR database
https://www.nndc.bnl.gov/exfor/exfor.htm

Type of measured reactions
* Direct: beam on H (or using CH2 — C
subtraction technique)
* Indirect: target irradiated by proton
beam (y-spectrometry or mass
spectrometry after chemical extraction)

Relevant publications for Fe
* Napolitani et al. (2004)
* Herbach et al. (2006)
* Villagrasa-Canton et al. (2007)
 Titarenko et al. (2008,2011)

In practice
 update all relevant XS for relevant
progenitors (see Génolini et al., 2018):
*Fe, #8Si, Mg, *Ne, '°0O, >N, 12C...
e Apply rescaling procedure



https://www.nndc.bnl.gov/exfor/exfor.htm

Most significant differences in updated XS

DM et al. (2022)

Beware: cumulative XS required in CRs
(must account for short-lived nuclei, aka ghosts)

cX+H-=Y) = oX+H-Y)
+ ZJ(X+H—>G)-B:‘(G—>Y),

G eghosts

For Fe in LiBeB, overall:

* Galp-opt12 (left factor) undershoots

* Galp-opt12 (right factor) overshoots x = no data
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For O in LiBeB (dominant progenitor, ~50% of total):
 Significant differences after update




Scare/no data for important reactions...

No data for many
progenitors into Li!

N

Beware: cumulative XS required in CRs

(must account for short-lived nuclei, aka ghosts)
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Large discrepancies for 10Be production XS

Extra- uncertainty at high energy:
* assume constant above 1.5 GeV/n?
* try to pass through all data?
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Improvement of new XS data on transport parameters
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FIG. 4. Forecast of transport parameters determination from new cross-section measurement campaigns. Each figure shows lo contours
in the (Dy, §) relative error plane in different scenarios. The left panel shows the estimated current uncertainty (solid red line) and three cases
were a subsets of cross sections have been updated according to our proposition Table IV, increasing the mass of the heavier progenitor from
O to Fe. Finally, for comparison, we show the irreducible /intrinsic data uncertainty (solid black line). The right panel is a zoom of the left one
and compares subcases where we would not measure the fragmentations of Table IV on a helium target. More details on how these bounds
were computed can be found in the text.



Impact of updated XS: Li primary source?

DM et al. (2022)

Interpretation of post-fit nuisance XS parameters
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Old XS dataset
— Need a ~13% increase of Li production to
match the data
— Alternative (Boschini et al., 2020): need
primary source of Li

—1 35 —l 5
log10(Ka)

New XS datasets
— Depending on XS dataset, need to increase or
decrease Li production
— Need for Li primary source alleviated: any claim for
primary Li, Be, or B source cannot be significant (XS
too uncertain)



Impact of updated XS: halo size of the Galaxy

Halo size (determined from radioactive CR '°Be)

DM, E. Ferronato Bueno, and L. Derome
https://arxiv.org/abs/2203.07265

critical parameter for dark matter searches
(e.g., Génolini et al., PRD 2021)
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N.B.: 1°Be/?Be data soon by AMS-02 and HELIX (up to 10 GeV/n)
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https://arxiv.org/abs/2203.07265

2) XS for GCRs vs AMS-02 data

Modelling systematics (from XS) vs CR data uncertainties

[N.B.: XS parametrizations rely on same nuclear data]

Uncertainty on diffusion coefficient

fine d,F“ to AMS-02 d‘;‘ta s/ [including OPT12up22 XS model updated
including nuisance parameters on on unaccounted for 2003-2022 XS data]
0.35F - T 030 —
P B/C
0.30 ]
i ] 0.20
0.35 0PT12up22 ¥ Be/C ] i —— 0PT12up22
T 0PT22 ' o -
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Universality of transport?
— Yes within current nuclear uncertainties
(no need for source of primary Li)

But to fully exploit CR data, new/better
XS data are needed... but which ones?



https://ui.adsabs.harvard.edu/abs/2022A%2526A...668A...7M

2) Nuclear XS for dark matter searches

Background (astro. contrib.)
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[N.B.: any future improvement on pbar

data moot if no better XS!]


https://ui.adsabs.harvard.edu/abs/2020PhRvR...2b3022B

2) Nuclear XS for dark matter searches

Background (astro. contrib.)
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https://ui.adsabs.harvard.edu/abs/2020PhRvR...2b3022B

2) Nuclear XS for dark matter searches

Background (astro. contrib.)
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https://ui.adsabs.harvard.edu/abs/2020PhRvR...2b3022B
https://ui.adsabs.harvard.edu/abs/2021PhRvD.104h3005G

2) Nuclear XS for dark matter searches

Background (astro. contrib.)
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Cross-section set L [kpc] X:
DM et al. (2022b)
Galp-optl2 5.1+06 046

OPT12up22 2.8+03 040

Uncertainty on L large because of
uncertain Be isotopic production XS

[N.B.: will plague interpretation of AMS-
02 and HELIX measurement of this ratio]


https://ui.adsabs.harvard.edu/abs/2020PhRvR...2b3022B
https://ui.adsabs.harvard.edu/abs/2021PhRvD.104h3005G
https://ui.adsabs.harvard.edu/abs/2022A%2526A...667A..25M

1) CR data

CRDB (Cosmic Ray Data Base)

https://Ipsc.in2p3.fr/crdb
DM et al. (2014, 2020, 2023)

Charged CR and anisotropy data
Meta-data (references, dates, infos)

Plots (online+pip lib.+jupyter notebooks)
Solar mod. (down to 10 mn interval)
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https://lpsc.in2p3.fr/crdb
https://ui.adsabs.harvard.edu/abs/2014A%26A...569A..32M
https://ui.adsabs.harvard.edu/abs/2020Univ....6..102M
https://arxiv.org/abs/2306.08901
https://github.com/crdb-project/tutorial
https://ui.adsabs.harvard.edu/abs/2014A%26A...569A..32M

2) Ranking of progenitors (P coefficients)

Qty / ranking Definition Property
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2) Ranking of progenitors (P coefficients)

Qty / ranking Definition Property
1[]2 N AP | X AP | . AP | R A |
From C
............... 160
15N
Relative to 9
14C
10 - Q -
Cumulative weight of . i v
all paths linking i—j  _ e m————————— . . . Fp a N
= .3_?. === 5i 13C
direct+indirect prod. - = Mg
of § from primary flur i t s e 12
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~. ‘Be 4
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A : : :
— Importance of heavier species grows with E (I'"?~A23)
— Highlight relative importance of source terms
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2) Ranking of direct production (D coefficients)

Qty / ranking

Definition

Cumulative weight of
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direct production of j
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2) Ranking of production paths (P*-"sP coefficients)

Qty / ranking Definition Property
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=2 —step __ l—btep 2—step
i e 2P 2 P
102 = . . . 1011
Li channels N Re'?:i"’e tﬁ” _‘mg 1010 —— solar system (Lodders, Ap) 591, 1220 (2003))
e O-"Li ;\ —&— cosmic ray flux at Ey, = 20 GeV (¥)
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e e
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= 1074 X e == S6Fe - 7Lj 3 I
3 — 28501 B
= 24Mg - 5L g
"‘*_5‘ 2851 5 7L u g
% 160 - 15N = 7L E
o 24'._.19_. '."Li '%
] : ©
T lﬁo_}lfl-c_, le [ =
= I =
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160y 5 15y = B
160y 5 13 4 6
1071 1
CRDB
1072
o1 R e ———r ————ry ——————— T T
1071 10° 10! 102 103 104 5 10 15 20 25 30 35 40

Evn [GeVin]

— Ranking favours most abundant CR species (weighted by production XS)
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2) Ranking of P vs D coetficients (for Z=3-12 fluxes)

2.0 - 100% — Primary species C, O, Ne, Mg, Si, and Fe
logio =115 - 31% most important progenitors
1.0 - 10%

/N

FeMnCr vV T ScCa K Ar CI 5 P Si AIMgNaNe FONCB Be Li

2.0 B B BB . n
s B B e
' 3 B o B
o BN c =
~ H N N3
ﬂ 5 . . 3 D 3 .
: H B F 2 LiBeB are pure
Cumulative weight of P 0.0 | Ne @ secondaries... not
all paths linking i — j Bt ' . | Na N in P but in D
direct+indirect prod. —0.51 . PE',UTEII >0.1%| | Al CO@ffS
of j from primary flur i | Si
Pz, vz, =10+
~ Progenitors Z; (sum on a row = 1)
log10 (D) FeMnCr V TiScCa K ArCl S P Si AlMgNaNe F O N C B Beli
L 2.0 — T T {
I
Cumulative weight of | Be
all paths whose last 2 D= 1.5 B
steps are 1 — 7 'c =
= 1.0 N O
direct production of j 0 "g
from measured fluz i Dz .z 0.5 F g
| Ne &
D.U T : Na ‘___N
| Si 50




2) Ranking of P vs D coetficients (for Z=3-12 fluxes)

2.0 - 100% — Primary species C, O, Ne, Mg, Si, and Fe
logio =115 - 31% most important progenitors
1.0 - 10%

20 C !
15 ] |
3 B o
5 E
mE
Cumulative weight of P = 0.0
all paths linking i — j RS '
= [ \
direct+indirect prod. —0.57 PE’?TEII =>0.1%
of j from primary flux i
Pz, vz, =10+
\ Progenitors Z; (sum on a row = 1)

10910 (D) Femncr v TiScCa K ArCl S P Si AlMgNaNe F @ N C B BeLi
( 2.0 — —_—

Cumulative weight of

all paths whose last 2 D= 1.5
steps are 1 —J
= 1.0
direct production of j
from measured fluz i Dy .z 0.5
@ £
0.0+
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7 sjuawbelq

sjuswbelq

Z

LiBeB are pure
secondaries... not
in P butin D
coeffs

Primary O main
progenitor of BeB, not
seen in looking at D
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2) Ranking of production XS (fanc coefficients)

— Network of ~1000 reactions (up to *°Fe) to rank!

List of a

S6Fg 3Ig 2Tp) 25Mf3NE|21NE L9 LT 15y L3¢ llg YWRe'Re
loglfars)  Sipg285i26mgimgiNe’Ne B0 160 N 12C 1B ‘Be ILi

2.0

15

1.0

05

0.0

—0.5 4

Li
faye = 0.05

_1_0 .
(90% of total flux)

-3+

Impact of individual
XS on CR flux j

fluz impact

4o asn

cumulative XS (account for short-lived nuclei)]

curmnul

atb—ec — Tatb—e Tatbh—sg

+ ZBTQ :
g

Illustration of limitation of

~J10g

F 1

ENurrent nuclear data and models
11

F 100~ 57Li+ghosts — OPT 12 ]
104 = OPT 22 |
z iy
[ PR iy
o i
e goal
ks 10 e e
lﬂ_lg .
[ 0T \A +He _____
I No data
1{}—2:_ L] EH“ - "Hp
B S T s T L

E.‘x'lr'lr?- [Gev}‘n]

*0O+H - °Li (0~20 mb) = 16% of Li
— based on 2 inconsistent data

Z fgbc r:i 1
Yia,bc)
(owing to double counting in multi-step prod.)

Ghosts
(=short-lived)
nuclei

50  (N,7N)
LN - (0)

1C

uN - (0)

BC - (¥N,50)
LG - (28,40)
~ (1C,Be)

R . (C)

“Be — (°Li)

"Be
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3) Error on flux: quantitative improvement

Assumption on existing or Error propagation formula
future XS uncertainties on propagated flux
aoments il ‘. S , Iti
P:l'd,glrli:‘.lltb lr%l.llt]IIUIlll::l-ll_'V dlbt—l‘lbutiz‘.:ﬂ AT 1 c2
= all fragments of interaction measured in exp. Vrot ~ feec § : N, ab
.. - . , . o [/
(precision better than & on (Atbiar [thiet) for minimal a,b |
- . . l]IL.
number of interactions N = 3, Nab if each with C Z 12 Tatb

Ta+b—c

Nap ensures Nup = (f20/€2) % Cap % 3 o Cap

— Cab for more realistic estimate of flux improvement
— forecast for # of reacs (beam time calc.) to reach 3%
precision on modelled flux (to be on par with AMS-02)
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3) Error on flux: quantitative improvement

Assumption on existing or Error propagation formula
future XS uncertainties on propagated flux
" e 1 : -, LI ; multi
Fragments multinomially distributed Atbiot 1 c2
= all fragments of interaction measured in exp. 2 feec § : N, ab
< Ttot ab Nab

(precision better than & on (Atbiar [thiet) for minimal
number of interactions N = 3, Nab if each with C' Z 2. Tatb
Ny ensures Nop = (fac/€2) % Cap x 3., Clap Ta+b—e

— Cab for more realistic estimate of flux improvement
— forecast for # of reacs (beam time calc.) to reach 3%
precision on modelled flux (to be on par with AMS-02)

Li Be B C

a+b Cab a+b Cap a+b Cap a+b Cap

%0 +H 0.841 0 +H 1.079 “C+H 0.802 04+ H 1.054
2C4+H 0.684 2C+H 0.928 0+ H 0.690 'O+ He 0.185
1°0 + He 0.176  ®O+He 0216 'C+He 0.147 *Mg+H 0.125
%Fe + H 0.165 *Si+H 0.200 'O+ He  0.130 BN+H 0.116
#Si+H 0.143  *Mg+H  0.200 "B+ H 0.103  ®»Si+H  0.110
2C 4 He 0.140  *Fe+H  0.188 %Si+ H 0.098 “N4+H 0.104
¥Mg+H 0135 2C+He 0181 *Mg+H 0.098 ®Ne+H 0.092
"B+ H 0.114 "B+ H 0.147 BN+ H 0.093 BC+H 0.083
BN +H 0.105 “N+H 0.120  *Fe+H 0085 Fe+H  0.068
BC+H 0.098 Ne+H 0.117 “N+H 0.082

UN+H 0.091 I5SN +H 0.115 BC4+H 0.074

®Ne + H 0.086 BC+H 0.092 *Ne+H  0.066

B+ H 0.057 "B + H 0.078

Li+H 0.057 *Fe+He 0.058

*Fe+He  0.053 “Ne+H  0.054
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3) Error on flux: quantitative improvement

Assumption on existing or Error propagation formula
future XS uncertainties on propagated flux
" e 1 : -, LI ; multi
Fragments multinomially distributed Atbiot 1 c2
= all fragments of interaction measured in exp. 2 feec § : N, ab
< Ttot Nab

(precision better than & on (Atbiar [thiet) for minimal a,b
number of interactions N = 3, Nab if each with C Zfaba. Tatb

Ny ensures Nop = (fac/€2) % Cap x 3., Clap Ta+b—e

Reaction Nin
— Cq for more realistic estimate of flux improvement “O+H 60k
_, forecast for # of reacs (beam time calc.) to reach 3% R oy
precision on modelled flux (to be on par with AMS-02) B+ H 10k
“N+H 10k
“N+H 10k
2C +He 10k
Li Be B C B +H 5k
k
a+b Car a+b Ca a+b Co  a+b  Cy i i
“O+H 0841 O+H 1079 BPC+H 0802 “O+H 1054 - N5 O oo I
2C4H 068 2C+H 0928 MO+H 069 'SO+He 0.185 L igﬁ
“O+He 0176 '“O+He 0216 "C+He 0147 *Mg+H 0.125 me:H S0k
“Fe+H 0165  3Si+H 0200 O+4He 0130 SN+H 0116 2Ne + H >0k
BSi+H 0.143  *Mg+H 0200 "B+ H 0.103  ®Si+H  0.110 %8 + He 10k
PC4+He 0140 Fe+H 0188  ®Si+H 0098 “N+4+H 0104 YA+ H 10k
¥Mg+H 0135 2C+He 0181 *Mg+H 0.098 ®Ne+H 0.092 *Mg+H 10k
"B+H 0114  U"B4+H 0147  SN4+H 0093 “BC+H+H 0083 ~Mg+He 10k
BN+H 0105  “N+H 0120 ¥Fe+H 0085 ¥Fe+H 0068 B s i
BC+H 0.098 Ne+H 0.117 “N+H 0082 an:H )
“N+H 0091 BSN+H 0115 BC+H 0074 2Ne + He 10k
“Ne+H 008  BC+H 0092 Ne+H  0.066 29 41 5K
"B +H 0.057  B+H 0078 ¥Gi 4 H 5k
Li+H 0.057 *Fe+He 0058 *Ne + He 5k
“Fe+He 0053 2Ne+H  0.054 N(< 8i)=3.8 x 1(°
*Fe+H 30k
%Fe + He 10k 55

N(< Fe) =42 x 10°
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