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• PANDA(FAIR) – fixed target 
experiment with high-energy ҧ𝑝

Experiments
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• PUMA (antiProton Unstable Matter 
Annihilation)

• Antiproton Decelerator (CERN) 

ELENA (Extra Low ENergy Antiproton)

• General AntiParticle Spectrometer (GAPS)
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𝝈𝒂𝒕 𝒓𝒆𝒔𝒕 =  𝝈𝒂𝒏𝒏𝒊𝒉𝒊𝒍𝒂𝒕𝒊𝒐𝒏 

Mechanisms

(To mesons: 𝜋,𝜌,𝜂,𝜔,K)
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𝝈𝒊𝒏−𝒇𝒍𝒊𝒈𝒉𝒕 =  (𝝈𝒂𝒏𝒏𝒊𝒉𝒊𝒍𝒂𝒕𝒊𝒐𝒏)  + 𝝈𝒆𝒍𝒂𝒔𝒕𝒊𝒄 + 𝝈𝑪𝑬𝑿  +  (𝝈𝑩ഥ𝑩) + (𝝈𝒊∗𝝅+𝑵ഥ𝑵)
 

(New antibaryons ഥΛ, തΣ, തΞ)(To mesons: 𝜋,𝜌,𝜂,𝜔,K)
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In-flight (usual scenario in INCL)

Projectile,

Target

Computing paths

Binary collisions reaction
Emitted particles, 

remnant
Creation of products

Defining positions 
and momenta

secondaries
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At rest 

(new scenario in INCL)

reaction
Observable

Ejectiles
Creation of products

Defining positions and 
momentasecondaries

emission

8

Annihilation vertex 
position

Mesons with 
momenta

Computing paths

Binary collisions

Annihilate 
where?

Which 
mesons?
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In-flight inputs

• Ppbar cross-sections are mostly well known

• Much less data for npbar, nnbar and pnbar case: 
o SU(3) symmetry to add more channels

o Coulombic correction at lower energies

• Exotic Antibaryons do not interact

• One-pion production is the Threshold
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Elementary cross-sections
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At rest inputs

• Annihilation Distance

• 𝑆𝑝/𝑆𝑛 ratio

• Mesonic Final States (𝜋,𝜌,𝜂,𝜔,K)

• Total reaction cross-section
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𝒏𝒄𝒂𝒑𝒕𝒖𝒓𝒆 ≈
𝑴𝒑

𝒎𝒆
 ,

𝜞𝒕𝒐𝒕(𝒏,𝒍) = ෍ 𝜞𝒙𝒓𝒂𝒚 + ෍ 𝜞𝑨𝒖𝒈𝒆𝒓 +

+ 𝜞𝒂𝒏𝒏𝒊𝒉𝒊𝒍𝒂𝒕𝒊𝒐𝒏,𝒏 + 𝜞𝒂𝒏𝒏𝒊𝒉𝒊𝒍𝒂𝒕𝒊𝒐𝒏,𝒑

At rest annihilation
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Last observed state
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Final state particle position

p(r) = 𝑁𝑟2𝜌 𝑟 𝑅𝑛,𝑛−1
2 𝑟
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Final state particle position
p(r) = 𝑁𝑟2𝜌 𝑟 𝑅𝑛,𝑛−1

2 𝑟

Ca40 Ca40

𝑆𝑝/𝑆𝑛 ≈ 1.331 for Deuterium
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Final state probabilities
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Total reaction cross-section
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https://doi.org/10.1016/j.physletb.2011.09.069
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At rest
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Polster et al. Light particle emission induced by stopped antiprotons in nuclei:
Energy dissipation and neutron-to-proton ratio. 1995



At rest (Polster 1993)
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Polster et al. Spectra and multiplicities of n, p, d, t, K±, pi±
from antiproton annihilation in Cu and U. 1993



At rest (Polster 1993)
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At rest (Polster 1995)
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Polster et al. Light particle emission induced by stopped antiprotons in nuclei:
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At rest (Polster 1995)
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Polster et al. Light particle emission induced by stopped antiprotons in nuclei:
Energy dissipation and neutron-to-proton ratio. 1995



At rest / In-flight
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At rest / In-flight

28th Geant4 Collaboration Meeting 26
P.L.McGaughey et al., Phys. Rev. Lett. V56, N20, 198



In-flight
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Kinetic energy spectra of neutrons produced in Pbar-Al27, Pbar-Cu at

projectile momenta 1.22 GeV/c
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Kinetic energy spectra of neutrons produced in Pbar-Ta181, Pbar-U238 at

projectile momenta 1.22 GeV/c
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In-flight (KEK)
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Miyano et al. Evaporation of Neutral Strange Particles in p -Ta at 4 GeV/c. 1986



Residual nuclei (U238)

28th Geant4 Collaboration Meeting 31

Independent



Residual nuclei (U238+proton)
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Residual nuclei (U238) 
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Proton at 1876 MeV Pbar at rest



Residual nuclei (Mo92, 95 and 98)
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Residual nuclei (Copper)
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Residual nuclei (Copper)
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Summary
• Pbar at rest is available already

• in flight will be available soon in Geant4

Next improvements

• Sensitivity analysis to be performed for at rest inputs

• Introduce a more realistic total reaction cross-section at rest

• Introduce neutron as projectile

• Introduce heavier antiparticles as projectiles
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Thank you for your attention!
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