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Outline of the talk
•Motivation for pursing precise measurements for the 

antiproton production cross sections.


•Parametrizations of the cross sections.

•Di Mauro et al. Phys.Rev.D 90 (2014) 8, 085017


•Korsmeier et al. Phys.Rev.D 97 (2018) 10, 103019


•Uncertainties on the theoretical model.


•Prescriptions for future measurements.

•Donato et al. Phys.Rev.D 96 (2017) 4, 043007
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AMS-02 antiprotons flux data
• AMS-02 data reach a precision of about 3-6% between 2-100 GeV.

• In order to study cosmic-ray (CR) physics and search for dark matter signals 

errors of cross section data should reach about the same precision. 

•Antiproton flux data between 10-500 GeV —>sqrt(s) = 5-100 GeV

https://arxiv.org/pdf/1802.03030.pdf
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Cuoco, Korsmeier 
2019



Cosmic-ray propagation

4

Courtesy of M. Korsmeier



Theoretical model

5Korsmeier et al. Phys.Rev.D 97 (2018) 10, 103019



Different channels for the antiproton production
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•pp (50% - 60%) 

•pHe (15% - 20%) 

•Hep (10% - 20%) 

•HeHe few percent 

•CNO + ISM few percent 

Korsmeier et al. Phys.Rev.D 97 (2018) 10, 103019



Antineutrons and Hyperons
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pp —> nbar X —> pbar Y



Di Mauro et al. Phys.Rev.D 90 (2014) 8, 085017
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Feed-down correction applied!

Antiproton data from AMS-02 are 
between 10-1000 GeV —> 

sqrt(s) = 5-50 GeV
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Data used in Korsmeier et al. Phys.Rev.D 97 (2018) 10, 103019

Korsmeier et al. Phys.Rev.D 97 (2018) 10, 103019

pp—> anti-p X

pA—> anti-p X
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Ep=6.5 TeV

(C)
(He)

We updated the two most recent 
analytic cross section 
parametrizations 

Param. I: [Di Mauro+, 2014]  
Param. II: [Winkler, 2017]



Proton Nucleus channel
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Fpro(xf ) and Ftar(xf ) are the 
projectile and target overlap 
functions. 



Antiproton production cross section: prompt pp channel

Winkler JCAP 02 (2017) 048

Different papers agree on the fact that the prompt pp channel has an uncertainty between 15-20%

2sigma CL bands
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Korsmeier et al. Phys.Rev.D 97 (2018) 10, 103019



Antiproton production cross section: prompt pHe, Hep, HeHe channel

12 Korsmeier et al. Phys.Rev.D 97 (2018) 10, 103019

Param. I-B Param. II B
LHCb data LHCb data

Param. II provides a much better fit to the LHCb data. 



Antiproton production cross section: prompt pHe, Hep, HeHe channel

CR pHe (left panel) and Hep (right panel) antiproton source term

The uncertainty for the He part is about 15-20%

13 Korsmeier et al. Phys.Rev.D 97 (2018) 10, 103019



Uncertainty related to antineutron decay
•pp—>anti-n X —> anti-p Y usually taken to be the same of pp—>anti-p X.

•NA49 proceeding found an isospin asymmetry at the level of 20-30% at xf=0.

•This is the main source of uncertainty in antiproton production cross 

sections.

[….] Very recently a small (120 kevents) pilot sample 
of n + p collisions has been obtained. These are 
derived from d + p reactions by tagging the 
spectator proton, where the deuterons in turn are 
produced by fragmentation of a Pb beam in a C 
target. [….]
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Isospin asymmetry
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• It is more relevant at low energy wrt high energies (similarly to pions).

•Pythia produce same amount of anti-n and anti-p contrary to Herwig.

• This is a theoretical challenge to overcome.

Winkler JCAP 02 (2017) 048



Final uncertainty at the moment

16 Calore et al. SciPost Phys. 12 (2022) 5, 163Korsmeier et al. Phys.Rev.D 97 (2018) 10, 103019

Isospin and hyperons 

Prompt



Prescriptions for CS measurements

Donato et al. Phys.Rev.D 96 (2017) 4, 043007 17

Forward scattering



Prescriptions for CS measurements

Donato et al. Phys.Rev.D 96 (2017) 4, 043007 18

Forward scattering



Prospects for COMPASS++/AMBER

Taken from https://indico.cern.ch/event/1021402/contributions/4311146/attachments/
2234195/3786365/PZ_AMBER_Workshop_April21.pdf 19

pp channel

See Davide Giordano’s Talk!

https://indico.cern.ch/event/1021402/contributions/4311146/attachments/2234195/3786365/PZ_AMBER_Workshop_April21.pdf
https://indico.cern.ch/event/1021402/contributions/4311146/attachments/2234195/3786365/PZ_AMBER_Workshop_April21.pdf


Conclusions
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• AMS-02 antiproton flux data are measured with a 
precision as low as 3-6%. 

• Antiproton production cross sections are an important 
ingredient to understand the recent and precise flux 
measurements by AMS-02 

• Uncertainties of cross sections in prediction of the 
antiproton source term are between 15% and 20% 

• Future cross section measurements are necessary to 
improve our understanding of antiproton production in 
cosmic rays 



Backup slides
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P-bar cosmic measurements below 1 GeV 
• GAPS will measure with the best sensitivity ever the antiproton cosmic 

flux below 1 GeV of kinetic energy.

• This energy range is very important for understanding the CR 

propagation and solar modulation effects.

22https://arxiv.org/pdf/2206.12991.pdf



Forward-backward asymmetry in pC NA49
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Cross section parametrizations
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Cross section parametrizations
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Prescriptions with different models
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Results for the antiproton cross sections
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• Among all cosmic rays, secondaries are the most interesting for DM searches.
• In particular antiprotons, positrons, gamma rays and neutrinos are the most studied.
• Antinuclei are also considered because the DM production should exceed the 

secondary one at low energy.

Cosmic-ray particles
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Possible excesses in cosmic-ray data

The GeV Galactic 
center excess

Hooper et al. 2009, 
2010, 2011

The AMS-02 
antiproton excess

The two excesses 
can be both a 

signal from DM…
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