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𝝈𝒊𝒏 𝒇𝒍𝒊𝒈𝒉𝒕 = (𝝈𝒂𝒏𝒏𝒊𝒉𝒊𝒍𝒂𝒕𝒊𝒐𝒏) + 𝝈𝒆𝒍𝒂𝒔𝒕𝒊𝒄 + 𝝈𝒊𝒏𝒆𝒍𝒂𝒔𝒕𝒊𝒄 + (𝝈𝑩ഥ𝑩)

𝝈𝒂𝒕 𝒓𝒆𝒔𝒕 = 𝝈𝒂𝒏𝒏𝒊𝒉𝒊𝒍𝒂𝒕𝒊𝒐𝒏

(Pbar + mesons) (New antibaryons ഥΛ, തΣ, തΞ)(To mesons: 𝜋,𝜌,𝜂,𝜔,K)

Annihilation scenarios

(To mesons: 𝜋,𝜌,𝜂,𝜔,K)
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• PANDA(FAIR) – fixed target 
experiment with high-energy ҧ𝑝

In flight experiments
𝝈𝒊𝒏 𝒇𝒍𝒊𝒈𝒉𝒕 = (𝝈𝒂𝒏𝒏𝒊𝒉𝒊𝒍𝒂𝒕𝒊𝒐𝒏) + 𝝈𝒆𝒍𝒂𝒔𝒕𝒊𝒄 + 𝝈𝒊𝒏𝒆𝒍𝒂𝒔𝒕𝒊𝒄 + (𝝈𝑩ഥ𝑩)
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• Laser-driven ultrafast antiproton beam

In flight experiments
𝝈𝒊𝒏 𝒇𝒍𝒊𝒈𝒉𝒕 = (𝝈𝒂𝒏𝒏𝒊𝒉𝒊𝒍𝒂𝒕𝒊𝒐𝒏) + 𝝈𝒆𝒍𝒂𝒔𝒕𝒊𝒄 + 𝝈𝒊𝒏𝒆𝒍𝒂𝒔𝒕𝒊𝒄 + (𝝈𝑩ഥ𝑩)
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𝝈𝒂𝒕 𝒓𝒆𝒔𝒕 = 𝝈𝒂𝒏𝒏𝒊𝒉𝒊𝒍𝒂𝒕𝒊𝒐𝒏

Antiproton Decelerator (CERN) 

ELENA (Extra Low ENergy Antiproton)

At rest experiments
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General AntiParticle Spectrometer (GAPS) 
High attitude balloon detector experiment 
to search for cosmic antiparticles

Cosmic ray experiments
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Current Geant4 implementation
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❖FTF does simulate pbar at all energies

❖INCL at rest annihilation is validated as standalone

❖In flight scenario will be added next
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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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INCL normal algorithm

Projectile,

Target

Computing paths

Binary collisions reaction
Observable

Ejectiles
Creation of products

Defining positions 
and momenta

secondaries

emission
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INCL at rest algorithm

reaction
Observable

Ejectiles
Creation of products

Defining positions and 
momentasecondaries

emission
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Annihilation vertex 
position

Mesons with 
momenta

Computing paths

Binary collisions

Where?

Which 
particles?
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Last observed state

𝑛𝑙𝑎𝑠𝑡 depends only on Z number

Red points are from x-ray spectroscopy
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Final state particle position

p(r) = 𝑁𝑟2𝜌 𝑟 𝑅𝑛,𝑛−1
2 𝑟

r(fm)

Nucleon density
Pbar wavefunction density
Overlap p(r)

a.u.
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Final state particle position
p(r) = 𝑁𝑟2𝜌 𝑟 𝑅𝑛,𝑛−1

2 𝑟

Ca40 Ca40

𝑆𝑝/𝑆𝑛 ≈ 1.76 for Deuterium
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Final state probabilities
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Final state particle momenta
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Crystal Barrel data with Deuterium target



Final state particle momenta
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INCL embedded phase-space model 

Crystal Barrel data with Deuterium target
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▪ Ejectiles spectra (pi, proton)
▪ Residual nuclei spectra



С12 + Pbar -> p + X 
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С12 + Pbar -> p + X 
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Annihilation on Ho165
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Annihilation on Ho165

29



30

Annihilation on Cu



Thanks for your attention!
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Final state particle multiplicity
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