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    Digging a little bit deeper:

Measured! Propagation:
- Galactic and ISM physics

Injection :
- Physics of sources 
(acceleration and escape) 

Assumptions in the following:  Diffusion and 
spallation 

Power law 
injection

Fragmentation 
cross section 

Inelastic 
cross section 
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Secondary cosmic rays: the boron 
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In PhysRevC. 98,034611 
supplemental material we review 
the status of 736 cross-sections!
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-> uncertainty on the isotopic 
contributions propagates! 

Subtlety!
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    So far:

  -  Extracting physics information from CR fluxes 
requires a carefull treatment of systematics.

-  Cross-sections are a major systematic, typical  
uncertainties of 15-25 % for                and 5 % for        .

-  All CR nuclei break-up and contain a secondary   
component.

-  When we do not measure isotopic fluxes, multistep 
reactions  matter.

I - Motivations and state of the art
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Example: at 10 GeV/nuc for the boron flux, for                                : 

Flux Impact
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Flux impact            of a cross section                          : 
relative variation of the flux when switching off this reaction.

The flux of a given element c can be decomposed in two parts :

Contains radioactive decay! 

Example: at 10 GeV/nuc for the boron flux, for                                : 

Flux Impact

II – What are the most important cross sections?

Mostly H and He targets in the ISM
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Example : case of boron

Genolini et al. PhysRevC. 98,034611
Fluctuations using different cross-section parameterization.

II – What are the most important cross sections?
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Example : case of boron

Genolini et al. PhysRevC. 98,034611
Expected value (from Galprop parameterization).
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Example : case of boron

Genolini et al. PhysRevC. 98,034611
Are there any data? -> In the Supplemental Material.

II – What are the most important cross sections?
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Example : case of boron

Genolini et al. PhysRevC. 98,034611
Including short-lived nuclei

II – What are the most important cross sections?
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Flux impacts for other elements Li, Be, B, C, N
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Flux impacts for other elements Li, Be, B, C, N

Li

Be

B

II – What are the most important cross sections?

 This ranking have been used to identify 
relevant nuisance parameters in B/C fits.

Derome et al. A&A 627, A158 (2019)
Genolini et al. PRD 99, 123028 (2019) 
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III - Priority order for a beam+fixed target experiment

-> At which reaction shall we stop?
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At a given energy, consider the variation of the flux :

Propagating the uncertainty to the flux:

Introducing the flux impact             :

Example: with          = 10% and a relative uncertainty of 10% for 
the cross section, the uncertainty on the flux is of 1%.

III – Priority order for a beam + fix target experiment
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Correlated case:

Uncorrelated case:

Realistic case:

Correlated projectile & uncorrelated fragments.

Uncertainties of cross sections : several cases
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Correlated case:

Uncorrelated case:

Realistic case:

Assumed to be 20 %
Uncertainties of cross sections : several cases

III – Priority order for a beam + fix target experiment
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Beam + fix target experiment

Current status
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Beam + fix target experiment

Measured  with infinite precision
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Beam + fix target experiment

Cross-sections 
of prime 

importance

III – Priority order for a beam + fix target experiment



Yoann Genolini18

Beam + fix target experiment

Cross-sections 
of prime 

importance

We also provide simple formulae to compute the
number of reactions needed to reach a given precision.

Genolini et al. PhysRevC. 98,034611

III – Priority order for a beam + fix target experiment
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IV- Conclusion and prospects
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The problem: Fragmentation cross sections are a limiting factor to reach the 
percent precision in modelling!

The question: What should we do?

The answer: Measuring few key interactions with high accuracy in the range:

                                                   [ 50MeV/nuc – 1 TeV ]

Soon: New update for the light elements: 

IV- Conclusion and prospects

Voyageur AMS-02, CALET, DAMPE,..

Top 2! Started at NA61
 @ 10GeV/nuc!

PoS(ICRC2019)446
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