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Cosmic-Ray Data Base (update in prep.)

1 . GC RS : Challenges * Meta-data (refs, dates, infos)

* Plots (online+notebooks+pip-installable)
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1. GCRs: from sources to fluxes (transport)

(nuclear physics)
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(astrophysics + particle physics)

— Phenomenological transport models to interpret GCR data
(DRAGON, GALPROP, PICARD, USINE)



1. GCRs: transport uncertainties from XS uncertainties

Secondary species
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1. GCRs: DM searches limited by XS uncertainties

Rare secondary
species

(P, d, e,y v.)

Mark A, Garlick / soace-art.co.uk

Astro. Background uncertainties from:
— direct production XS (~20% on p)

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

Dark-matter induced
(from DM halo, ~300 kpc)

— transport uncertainties (~20% on antinuclei) from LiBeB prod.

DM signal uncertainties from:

— halo size uncertainties (~factor 2 onp, d, e*) from *'°Be prod. XS

... whereas CR data
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2. Recent efforts and synergies towards new XS measurements




2. XSCRC series at CERN (2017, 2019, 2024, 2027)

Cross-Sections for Cosmic Rays at CERN (XSCRC)

2017: 1* contact between communities (CR/nuclear/particle phys...)
2019: 1% fruitful collaborations (advances and highlights)

2024: several successful synergies, roadmap for the future

2027: focus on XS data/verification/codes/benchmarks

Outcomes of the 2024 edition

— Precision XS for advancing CR physics and other applications: Highlight of

a comprehensive programme for the next decade plots and tables
DM et al., arxiv:2503.16173 in the review
Physics Report 1161 (2026) 1-81

— Precision XS for advancing CR physics: input to the 2026

ESPPU from the XSCRC community
Mariani et al., arxiv:2503.22783
(ESPPU = European Strategy for Particle Physics Update)

— Letter of intent for CERN Antiproton Decelerator
Losekamm, Péschl et al., CERN doc 2931063

... and hopefully more to come!
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https://indico.cern.ch/event/563277/
https://indico.cern.ch/event/820869/
https://indico.cern.ch/event/1377509/
https://indico.cern.ch/event/1686265/
https://arxiv.org/abs/2503.16173
https://arxiv.org/abs/2503.22783
https://cds.cern.ch/record/2931063?ln=en

2. High-precision era (many topics)

High-precision era for GCR
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[+ CR data at higher energies]
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— Similar situation for other physics cases
— Some overlapping XS needs

N.B.: need for benchmarked nuclear codes

A
2 &
& o
an Ee—ih
I __‘ | Eh—s |
| I ) —
& 40
& 20
1 I .. o
I = ..... ] ————
T T T
oy [~ wy (=) © [~) ) [~) ) [~) © =) ) [~ i
e S 3 ~ A a5 @ =] =3 S =3 ~ ~ ] I
S S =) ) o [~)
2 02 2 2 2 2 92 2 2 & & & 8 & 8

CRISM

transport i

radiation |
Hadron

Galactic
sources

Galactic
environments

Acceleration
mechanisms

) Dynamics
3 of sa'pall
Search ‘* bodies
for dark :
matter
Planetary
surface
E0S/ processes

of GCRs

femtoscopy
(\ Earth
UHECR climate
composition é;n\q

arxiv:2503.16173

12


https://arxiv.org/abs/2503.16173

arxiv:2503.16173
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2. XS needs (reaction & precision) identified
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https://arxiv.org/abs/2503.16173

2. High-precision era (many topics)
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https://arxiv.org/abs/2503.16173

3. The CRISPP project
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3. CRISSP project

Cosmic-Ray Initiative for Strategic cross-Section Prioritisation

What?

Seek to address the XS bottleneck for the interpretation of high-precision GCR data for astrophysics and dark
matter searches. By fostering French-Chinese collaboration, the project aims to:

1) Ranking of the most urgently needed XS measurements — currently covering elements up to silicon (Z=14) —
up to nickel (Z=28), aligning with upcoming AMS-02 data.

2) Promote, through targeted workshops (XSCRC27) and reciprocal visits, unique potential for game-changing
nuclear data campaigns at China's Heavy-Ion Accelerator Facility (HIAF) facility.

Who?
* China: Meng-Jie Zhao (IMP), Shi-Tao Wang (IMP), Xiao-Jun Bi (IHEP)
* France: David Maurin (LPSC), Laurent Audoin (IJCLab), Yoann Génolini (LAPTh), Marie Vanstalle (IPHC)

In practice
Step 1. Follow up on previous “Ranking XS for GCRs” studies (lead by DM)
* Paper I: Li to O (PRC 2018), Editor’s Suggestion — triggered NA61 successful pilot run (Unger et al., 2018)
* Paper II: F to Si (PRC 2024) — enabled to secure 1 week NA61 data (w/ 10x better trigger) in 2025
 Paper III (in prep.): 'H, ?H, *He and “He
e Paper IV (entry point of CRISSP): Z=15-30 [ongoing update of XS models by Meng-Jie Zhao]

Step 2. Visit at IMP (from French side) + visit at LPSC back-to-back (from Chinese side) with XSCRC2027

N.B.: checkout XSCRC2027 (13-15 January 2027)


https://ui.adsabs.harvard.edu/abs/2018PhRvC..98c4611G/abstract
https://arxiv.org/abs/1909.07136
https://ui.adsabs.harvard.edu/abs/2024PhRvC.109f4914G/abstract
https://indico.cern.ch/event/1686265/

Backup slides



3. CRISSP project

Illustration on Be production (Paper I and II)

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

3 1 _ ;
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We have:

— Ranked reactions + beam time requirements (Paper I) => NAG61 successful 2.5 days pilot test (2018)
— Forecast of impact of new XS measurements (Paper IT) => Secured 1 week NA61 (11/2024)




Dark matter searches: signal uncertainties

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

2) Error on flux: forecast on transport parameters

Assumption on existing or Error propagation formula
future XS uncertainties on propagated flux
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2) 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
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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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— New nuclear XS measurements
low risk / high benefit (game changer for GCRs)
NAG61: pilot test in 2018 (Unger et al.)
+ full week run in November 2025
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XSCRC2024: GCR experiments T oy B PP, B e 10

Installed on the ISS Onboard satellites
(and also balloons)

Highlights from the Alpha Magnetic Spectrometer (AMS)
on the International Space Station (ISS)

Dr. Mercedes Paniccia (University of Geneva)

| Since 2015

AMS installed on the ISS in May 2011
Near Earth Orbit:
altitude 400 Km
inclination 52°
period 92 min
Continuous operations
through the ISS lifetime (at least 2030)

Andrii Tykhonov
(for the DAMPE collaboration)

Paul Coppin
(for the DAMPE collaboration)

e

Since 205

TR
>y

Paolo Maestro
University of Siena and INFN
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XSCRC2024: GCR experiments T . adestTo

Spectrometers Calorimeters
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XSCRC2024: GCR experiments
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Talks by P. Coppin, P. Maestro,
M. Paniccia, A. Tykhonov
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* Second rigidity break?
Bridge between direct and indirect

N.B.: this is in addition to the plethora of
results already published (200 GV break, e
and e” spectra, pbar, daily time series, etc.)
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XSCRC2024: GCR experiments

Kinetic energy per nucleon {GeV/n)
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XSCRC2024: XS for nuclei

NAG61/SHINE at the SPS H2 Beam Line
(strong interactions, v, UHECR and GCR physics)

Illustration of successful
=L > collaboration (XSCRC2017)
EEEE — Pilot run in 2018 (2.5 days)
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What next? g 10000 |
— One week fragmented Pb beam (11/2024) ° s00- % |
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. : Talks by L. Audoin, P. Ghosh,
XSCRC2024: XS tfor nuclei "M, Vonsialle, M..J. Zhao

Nuclear facilities

Pavia (Italy) Brookhaven (USA)

— 200-700 MeV/n, “He|?C|**O|*°Fe beams — below 1 GeV/n
(ongoing measurements) (ongoing measurements sub-Fe)

Future nuclear facilities

The:FAIR facility as of June 2024

Darmstadt (Germany) Guangdong Province (South Chma)
— up to 2 GeV/n (10 GeV/n in later phase) _ quite similar to FAIR 27



XSCRC2024: XS for anti-protons

contribution
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1) Relevant reactions
— 90% of reactions involve p

Source term
(~20% uncertainty)

and He

Talks by M. Di Mauro
L. Orusa

2) Relevant kinematic regions
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Isotope, anti-nuclei, mass, energy, and precision frontiers

Top TOE
Aerogel
> / Radiator
Pressurized Vessel
Magnet
Drift ™
L - Cherenkov
chamber —
tracker ’ Box
Bore paddle
\ Acrylic
Bottom TO, Radiator

Chinese Space Station

A : S. Shael et al., Voyager 2050 White Pa
Location Lagrange Point L, e kil e |

Installation >2030

Dimensions 2=44m,L=2m

Det. weight 6.51

Power 3 kw

Magnetic Field 0.8T

Acceptance >10 m?sr Physics objectives:
MDR >20TV + anti-nuclei;
Cal. thickness 61 X, + efupto 10 TeV;

Cosmic ray comp. up to knee. |\ Space Craft &

Service Module

10°

R. Battiston et al., Voyager 2050 White Paper (2021).
E i S B s sl TS [ A T 50 setomt oo R o
@ 20:_ 5%'&’1- l AMS-02  PRL <za,munzmu£ T” | - ::'_:‘i";”"‘ LOCEtlijI Lagrange Point L,
“; F ;é?::‘ S, J.ummo ., e il Installation >2030
£ A 4., } 4 Bt Dimensions g=44m,L=6m
> S 1% | N Weight 40t
S i wom “ond 1= N Power 15 kW
& p t 1 S 107 Magnetic Field 1T
X BE Oamee ik % 1 & L= ame Acceptance 100 m?sr
Wk Yo _QP i h MDR 100 TV Compensation
e et [y SR RPN W Cal. thickness 70 X, : ey N
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