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Antiproton-proton, antiproton-nucleus and antinucleus-nucleus interactions are considered in
Dual-Parton or Quark-Gluon-String model. The model assumes creation and fragmentation of
quark-gluon strings in the interactions. Cross sections of various processes of the creation are
determined by an analysis of experimental data on antiproton-proton interactions. Geant4 LUND
fragmentation model is used for the simulation of the string fragmentations. As a result, a good
description of a wide set of experimental data is reached.

A generalization of the approach for antiproton-nucleus and antinucleus-nucleus interactions re-
quires a knowledge of total and inelastic cross sections of these processes. The cross sections are
calculated in the Glauber approximation. Good results are obtained for all experimentally known
cross sections.

Usually, the asymptotic Abramovsky-Gribov-Kancheli (AGK) cutting rules are applied for a de-
termination of the multiplicity of produced strings. We propose finite energy corrections to the
AGK rules for an extension of the model to low energy domain. Using the cutting rules and the
corrections, we describe antiproton-nucleus interactions starting from low energies (E > 50 MeV)
up to 1000 GeV. We also reproduce known experimental data on antideuteron interactions with
nuclei.

So, we have created a unified model of antiproton-proton, antiproton-nucleus and light
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Dynamics of interactions of anti-protons and anti-nuclei with nuclei in Geant4 A.S. Galoyan

Introduction

Recently, a new interest to antibaryon and antinucleus interactions with nuclei has been arisen.
It is connected with results obtained at RHIC and LHC accelerators, especially, with observations
of helium antinuclei in nucleus-nucleus interactions at super high energies. STAR and ALICE
collaborations have found antihelium nuclei. The number of observed antinuclei is very small,
but it is only beginning. There is also cosmic space experiments like PAMELA, BESS, AMS,
CAPRISE and so on which are going to search antinuclei in cosmic rays. They hope this will
bring a new light on the question about antimatter in our Universe. A detailed experimental study
of antiproton-proton and antiproton-nucleus interactions is foreseen at the future FAIR facilities
(GSI, Darmstadt, Germany) by the PANDA Collaboration. The accelerator experiments and the
cosmic ray experiments need estimations of properties of antiproton and antinuclei interactions
(p̄A, ĀA) with nuclei for reconstruction and identification of antinuclei and reaction products. This
requires a code for a good simulation of p̄A and ĀA interactions. Recently, it becomes possible to
simulate the interactions in the well-known Geant4 toolkit [1]. At the creation of the simulation
code, we used main assumptions of the Dual-Parton or Quark-Gluon-String model (DPM/QGSM)
[2] and Glauber approach [3, 4, 5].

In Fig. 1 we present quark flow diagrams of processes considered usually in DPM:

Figure 1: Quark flow diagrams of p̄p interactions.

The diagram "a" corresponds to string junction’s annihilation with 3 quark-antiquark string’s cre-
ation. The string junction is a gluonic object which couples together quarks in baryon. The diagram
"b" represents quark and antiquark annihilation leading to diquark-antidiquark string creation. The
diagram "c" corresponds to quark-antiquark and string junction’s annihilations with creation of 2
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Dynamics of interactions of anti-protons and anti-nuclei with nuclei in Geant4 A.S. Galoyan

quark-antiquark strings. Diagrams "d" and "f" can be responsible for exotic meson production. The
last diagrams at the bottom of the figure are important at high energies. They are connected with
pomeron exchange in t-channel.

Energy dependencies of the cross sections of the processes in some cases are predicted by the
reggeon phenomenology. They are also shown in the figure. An elaborated scheme for a calculation
of the cross sections in the phenomenology was proposed in our papers [6, 7]. As was shown in
the papers, the approach is valid at Plab > 3 GeV/c. Because experimental studies require much
less energies, we undertook a new attempt to estimate the cross sections. It is presented in the next
section.

1. Estimation of the process cross sections

Let us start with the simplest process "b" – diquark-antidiquark string creation. This process
leads to baryon-antibaryon production in the final state (for example, neutron-antineutron – n̄n,
lambda-antilambda – Λ̄Λ, and so on). n̄n state can be produced at a single breakup of the string.
Thus, the cross section of the process, σn̄n, can be expresses as a product of the cross-section of
process "b" (σb) and a probability of two particles decay of the string (P2):

σn̄n = σb ·P2(M =
√

s)

. Because below meson production threshold P2 = 1, this expression allows to estimate σb. The
corresponding experimental data can be parameterized as

σb = σn̄n ≃ 15.65+700 · (Mth −
√

s)2.5 (mb)
√

s ≤ Mth, Mth = 2.172 GeV.

At higher energies according to the reggeon phenomenology, σb must decrease as C/
√

s.
Experimental value of σn̄n at the threshold allows one to find that C = 34 (mb GeV). Choos-
ing P2 in the simplest exponential form, P2 = exp[−B (M −Mth)], we determine B which fit σn̄n,
B = 0.5 (GeV−1). Implementing this function in the LUND string fragmentation model we de-
scribe (see Fig. 2a) other reactions with baryon and antibaryon in the final states (Λ̄Λ, Λ̄π0Λ,
Λ̄π+π−Λ).

The other simple process is a creation of a single quark-antiquark string (process "e"). It can
be responsible for productions of 2, 3 and 4 mesons. For example, cross sections of the reactions:
p̄p → π+π− and p̄p → π+π−π0, can be given by the following expressions:

σπ+π− = σe ·P2(M =
√

s)

σπ+π−π0 = σe · [1−P2(M =
√

s)]
∫

PF(
√

s,M)P2(M)dM,

where PF is a single step fragmentation function. The expressions contain σe and P2. For determi-
nation of the last function1, we used a ratio of experimental σπ+π−π0 and σπ+π− and found

P2 ≃ exp[−B (M2 −M2
th)], B = 0.88 (GeV−2), Mth = 0.38 (GeV ).

For description of the experimental data, we set σe = 140/s (mb). With all of these, we describe
the data on 2 meson’s production in p̄p interactions (see Fig. 2b) quite well.

1Neglecting a contribution of the process "c".
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Figure 2: Channel cross sections of p̄p interactions. Points are experimental data gathered in [8]. Lines are
our calculations.

Having known quark-antiquark string fragmentation, we can estimate cross section of pro-
cess "a" (creation of 3 quark-antiquark strings). Using σa in a form 25/

√
s−4m2 (mb), we

calculated cross-sections of processes p̄p → 2π+2π−, p̄p → 2π+2π−π0, p̄p → 3π+3π− and
p̄p → 3π+3π−π0 (Fig. 2c, 2d).

Sum of the cross sections of the processes "a", "b" and "e" is below p̄p inelastic cross section
at Plab ≤ 700 MeV/c. We ascribe the deficit to the cross section of the process "c", σc = σ in

p̄p−σa−
σb −σe, and parameterize it as σc = 40 ·m2/s

√
s−4m2 (mb).

Processes without annihilations dominate at high energies. They are presented in the bottom
of Fig. 1. Their cross sections can be described by σFT F = 35 · (1− 2.1/

√
s) (mb). We use for

simulations of the processes FTF model of Geant4 [9].
The estimated cross sections, the improved string fragmentation algorithm and the FTF model

of Geant4 allow to describe general properties of p̄p interactions, especially channel cross sec-
tions presented in Fig. 2. Thus, we conclude the existing phenomenology of antibaryon-baryon
annihilation and hadron-nucleon high energy interactions with corresponding cross sections can be
considered as a unified base for understanding of the p̄p interactions.

2. Cross sections of p̄A and ĀA interactions

It is natural to use the Glauber approach for calculations of the cross sections. For the first
time a good description of elastic antiproton-deuteron scattering was reached in the classical paper
by V. Franco and R.J. Glauber [10] in 1966. After that, in 1985 O.D. Dalkarov and V.A. Karmanov
[11] showed that elastic and inelastic (with excitation of nuclear levels) antiproton scattering on C,
Ca, and Pb nuclei are described quite well at p̄ kinetic energies of 46.8 and 179.7 MeV within the
approximation. The Glauber approach in the question was also used in many other papers.

4
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The elastic scattering amplitude of an antinucleus containing Ā antibaryons on a target nucleus
with mass number A is given as [4]:

FĀA(⃗q) =
i

2π

∫
d2b ei⃗q⃗b

{
1−

Ā

∏
i=1

A

∏
j=1

[
1− γ (⃗b+ τ⃗i − s⃗ j)

]}
|ΨĀ|2|ΨA|2 · (2.1)

(
Ā

∏
i=1

d3 ti

) (
A

∏
j=1

d3 r j

)
= i

∫ ∞

0
bPĀA(b) J0(qb)db,

where the same nomenclature as in [4, 11] is used, in particular γ is the amplitude of an elastic
antinucleon-nucleon scattering in the impact parameter representation averaged over the spin and
isospin degrees of freedom,

γ (⃗b) =
1

2πi

∫
d2q ei⃗q⃗bFN̄N (⃗q).

The amplitudes are normalized so that a differential elastic scattering cross section can be
written as: d2σ/dq2 = |F (⃗q)|2, where q⃗ is the momentum transfer (t =−q⃗ 2). The corresponding
total cross section is σ tot

ĀA = 4π ImF(0).
Quite often γ is parameterized as:

γ (⃗b) =
σ tot

N̄N (1− iρ)
4π β

e−⃗b2/2β ,

where σ tot
N̄N is the total cross section of the antinucleon-nucleon interactions, ρ is the ratio of the

real to imaginary parts of the N̄N elastic scattering amplitude at zero momentum transfer, and β is
the slope parameter of the N̄N differential elastic scattering cross section. Then

FN̄N (⃗q) =
i

4π
σ tot

N̄N (1− iρ) e−β q⃗2/2,

where β is:
β = (σ tot

N̄N)
2(1+ |ρ |2)/(16 π σ el

N̄N 0.3897).

Here, σ el
N̄N is the N̄N elastic cross section and 0.3897 is a coefficient required in order to express

β in units of (GeV/c)−2, if the cross sections are given in millibarns. We have considered param-
eterizations of energy dependencies of total and elastic antinucleon-nucleon scatterings which are
needed for calculations in our recent publication [12].

The squared modulus of the wave function is usually written as:

|ΨA|2 = δ (
A

∑
i=1

r⃗i/A)
A

∏
i=1

(ρA(⃗ri)/A).

ρA/A coincides with the one-particle density of the nucleus, if one neglects the center-of-mass
correlation connected with the δ -function. The densities for heavy nuclei were chosen to have
the standard Woods-Saxon distribution with the parameters given in [13]. The correlations were
accounted for according to [14]. We use the gaussian parameterization for light (t, 3He, 4He) nuclei
and for the corresponding antinuclei:

ρA(⃗r) =
A

(πR2
A)

3/2 e−⃗r2/R2
A , R3H = R3He = 1.81 ( f m), R4He = 1.37 ( f m).

5
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The squared modulus of the (anti) deuteron wave function was chosen as the sum of three gaussians
[15].

Many approximations have been proposed in order to simplify the calculation of PhA and PAB.
Most effective one is a method proposed in [16] in which the amplitude is found as an average over
various samples of the nucleon coordinates:

PAB(⃗b)≃
1
N

N

∑
α=1

{
1−

A

∏
i=1

B

∏
j=1

[
1− γ (⃗b+ τ⃗α

j − s⃗α
i )
]}

, (2.2)

where N is the volume of the samples. The nucleon coordinates are sampled according to the mea-
sure |ΨA|2|ΨB|2. The method consists of multiple sampling of the nucleon coordinates according
to the function |ΨA|2|ΨB|2, calculation of the expression in braces of Eq. 2.2 for each sampling,
and an averaging of the calculation results over the samples. This method is implemented in the
DIAGEN code [16]. Using it, one can calculate various cross sections of antiproton-nucleus and
antinucleus-nucleus interactions – total, elastic, quasi-elastic and inelastic cross sections.

We show in Fig. 3 our calculations in comparison with experimental data. For projectile
antideuterons we present experimental data [18] at two energies – 13.3 and 25 GeV/c (open and
close circles, correspondingly) and calculation results at the energies (solid and dashed lines). As
seen, the agreement between the experimental data and the calculations is rather good. More details
of the calculations and results are reported in [12].
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Figure 3: Absorption cross sections of antiproton and antideuteron interactions with nuclei. The points are
experimental data [17, 18], the lines are our calculations.

3. Finite energy corrections to AGK cutting rules

It is known that a projectile has multiple intra-nuclear collision in a target at high energies, or
involves some nuclear nucleons at the fast stage of interactions. Distribution on the multiplicity
of the involved nucleon, ν , can be found applying the asymptotic Abramovsky-Gribov-Kancheli
(AGK) cutting rules [19] to elastic scattering amplitude. The application of the rules to the elastic
antiproton-nucleus scattering amplitude gives results:

σ prod
p̄A = σ tot

p̄A −σ el
p̄A −σ q.el

p̄A =
∫

d2b

{
1−
[

1− 1
A

∫
g(⃗b− s⃗)ρA(⃗s,z)d2s dz

]A
}

=
A

∑
ν=1

σν , (3.1)

6
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σν =Cν
A

∫
d2b
[

1
A

∫
g(⃗b− s⃗)ρA(⃗s,z)d2s dz

]ν
·
[

1− 1
A

∫
g(⃗b− s⃗)ρA(⃗s,z)d2s dz

]A−ν
, (3.2)

g(⃗b) = γ (⃗b)+ γ∗(⃗b)− γ (⃗b) · γ∗(⃗b).

As seen from the expression, ν can be varied in a wide range at large A. But it obvious that
at low energies a projectile can have only one inelastic collision in a nucleus. After the collision
an intra-nuclear cascade of secondary particles takes place. Therefore, the AGK rules must be
corrected at low energies. Here we use the following consideration2 [20].

According to high energy phenomenology let us assume that a projectile hadron interacts with
a target, if there are slow partons capable to interact in the projectile. Let an average life time of the
slow parton fluctuation in the projectile rest frame is τ0. In the rest frame of the target, the time will
be γ · τ0, where γ is Lorentz factor of the projectile. During this time, the projectile flies a distance
l = v · γ · τ0 = (Plab/mp) · τ0. In a case of interaction with a nucleus, the projectile meets, at the
average, νmax = σρAτ0 · (Plab/mp) = Plab/P0 target nucleons. Here σ is a projectile-nucleon cross
section, ρA is the average nuclear density ∼ 0.15 f m−3, P0 is a parameter. Because at Plab = 0 there
can be inelastic antiproton-proton interactions, we use in our calculation the integer part of Plab/P0

increased by one as νmax.
Let us introduce νmax in the expression for antiproton-nucleus production cross section,

σ prod
p̄A =

∫
d2b

{
1−
[

1− 1
A

∫
g(⃗b− s⃗) ·ρA(⃗s,z)d2s dz

]A
}

=

≃
∫

d2b
{

1− e−
∫

g(⃗b−⃗s)·ρA (⃗s,z)d2s dz
}
=
∫

d2b
{

1−
[
e−

1
νmax

∫
g(⃗b−⃗s)·ρA (⃗s,z)d2s dz

]νmax
}

=
νmax

∑
ν=1

σ ′
ν ,

σ ′
ν =Cν

νmax

∫
d2b
[
1− e−

1
νmax

∫
g(⃗b−⃗s)·ρA (⃗s,z)d2s dz

]ν
· e−

νmax−ν
νmax

∫
g(⃗b−⃗s)·ρA (⃗s,z)d2s dz. (3.3)

As seen, a number of intra-nuclear collisions in the case cannot be large than νmax.
The same expression can be obtained, if one assumes that after each interaction predicted by

Eq. 3.2 a probability of the next interaction is decreased by 1/νmax. An algorithm implementing
this interpretation looks like that: at the beginning, a projectile has a power, P, to interact with νmax

nucleons (P = νmax). Thus a probability of an interaction with the first nucleon, P/νmax, is equal to
1. The power decreases after the interaction on 1. The probability of an interaction with the second
nucleon is equal to P/νmax, where P = νmax −1. If the second interaction is happened, the power
is decreased once more. In other case, it is left on the same level. This is applied for each possible
interaction.

As a result, we have that at low energies νmax = 1, thus a projectile can have only one inter-
action inside a target, and the usual cascading takes place. At higher energies, νmax will be larger,
and two or more nucleons can be involved. Only these nucleons will participate in the interactions

2A complicated consideration of hadron-nucleus interactions in the reggeon phenomenology – consideration of
yields of planar and non-planar, enhanced and semi-enhanced diagrams is not finished yet. Thus, we present simplified
approach.

7
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describing by the string models. Using hadron-nucleus experimental data, a tuning of only one
parameter, P0, gives a value of P0 ∼ 3–6 GeV/c.

Usually, the formation time concept is introduced when considering a secondary particle cas-
cading inside a nucleus. It is assumed that a particle created in a defined space-time position can
interact with other nucleons only after formation time determined in the particle rest frame. But,
real particles are not point-like objects. Therefore, the concept was criticized in the paper [21],
where it was considered the particle cascading in the reggeon phenomenology. Another attempt
was presented in the paper [22], where a simplified model was proposed – a reggeon theory in-
spired model (RTIM). We use the RTIM model in our calculations. More exactly, we use the above
given algorithm for a sampling of a multiplicity of intra-nuclear collisions. After this, RTIM is
applied. The next step is a simulation of particle production. We ascribe the formation time to each
of the produced particles. All of these decrease the upper limit of the formation time application.

All calculations presented below are performed with the finite energy corrections.

4. Validation of the model for antiproton-nucleus and antinucleus-nucleus
interactions

Understanding and explanation of inelastic antibaryon-nucleus interactions – multiplicities of
produced mesons, protons and neutrons, distributions of the particles on kinematical variables and
their dependencies on energy of the projectile and mass number of a target nucleus are very compli-
cated tasks. In the first rough approximation, one can assume that an interaction of an antibaryon
with a nuclear nucleon is identical to the interaction with a free nucleon neglecting the binding
energy of the nucleon, ∼ 10 MeV. So, the main effects have to be connected with secondary par-
ticles cascading within a nucleus. The existing intra-nuclear cascade models have passed a long
history of development, and allow to simulate now meson and baryon interactions with nuclei sat-
isfactorily. Two of such models are presented in Geant4 – the Bertini cascade model (BERT) and
the binary cascade model (BIC) [23]. There is also a simplified model – the precompound model
interface (PRECO), which only absorbs low energy particles (E ≤ 10 MeV) produced by a high
energy generator and located in a nuclear residual, and ascribes them to the residual nuclei. The bi-
nary model and the precompound model can be easily coupled with the FTF model. Therefore, we
use in our following calculations two combinations of the models: FTF+BIC and FTF+PRECO3.
FTFP demonstrates properties of interactions without intra-nuclear cascading. FTFB shows effects
of the cascading.

The binary model simulates a propagation of particles in 3-dimension space of a nucleus
viewed as a potential well with nucleons in it. All elementary interactions (meson-nucleon and
baryon-nucleon) are considered as binary reactions with one (meson-nucleon) or two particles in a
final state. A wide set of meson and baryon resonances are taken into account. The Pauli-blocking
is applied to the final state – collisions and decays of resonances for which any secondary nucleon
has a momentum, pi, below the local Fermi momentum, i.e. pi < pmax

F (r), are suppressed.
Properties of a nuclear residual are calculated when all cascading particles are left the nu-

cleus. De-excitation of the residual nucleus characterized by the number of nucleons in it, its

3These combinations are denoted as FTFB and FTFP, respectively.

8
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charge, the number of holes, the number of all excitons, the number of charged excitons, and its
four-momentum is simulated applying pre-equlibrium model and Generalized Evaporation Model
(GEM) [24].

As shown in Fig. 4 and 5, FTFB describes the general properties of antiproton-nucleus in-
teractions qualitatively. FTFP gives low yields of protons and neutrons. Thus, accounting of the
particles cascading is very important for a correct simulation of the reactions.
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Figure 4: Protons, neutrons and π+ mesons distributions on kinematical variables in antiproton-nucleus
interactions at various energies. Points are experimental data [25]. Lines are our calculations. Red and blue
lines are calculations with FTFB and FTFP, respectively.

As seen, FTFB reproduces evaporated neutron yield at En ≤ 30 MeV. The yield of the pre-
equlibrium nucleons, En > 30 MeV, is underestimated. It is typical for cascade models [26] at
intermediate energies. An inclusion of a deep antibaryon potential in nuclei, ∼ -150 MeV, can
improve a situation with the description of the proton spectra [27]. π-meson spectra are described
quite well.

Calculation results for higher energies are presented in Fig. 5. In upper figures, we show
kinetic energy spectra of neutrons produced in p̄ interactions with Al and Cu at emission angles of
50 and 145 degree. As seen, the combination of the FTF model and the binary model gives results

9



P
o
S
(
B
a
l
d
i
n
 
I
S
H
E
P
P
 
X
X
I
I
)
0
4
9

Dynamics of interactions of anti-protons and anti-nuclei with nuclei in Geant4 A.S. Galoyan

which are in agreement with the experimental data for forward emitted neutrons at the angle of
50 degree. At the same time, the combination underestimates the production of neutrons emitted
in backward hemisphere at the angle of 145 degree. FTF+PRECO calculations are below of the
experimental data essentially.

Kinetic energy spectra of neutrons produced in p̄ interactions with heavy nuclei are plotted in
the bottom figures. As seen, FTF+BIN works quite well for the data as well as for forward and
backward emitted neutrons.
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Figure 5: Neutron kinetic energy spectra in antiproton-nucleus interactions. Points are experimental data
[28]. Lines are our calculations.

At high energies, a probability of the annihilation in p̄p interactions is small. Thus, the main
processes in p̄A collisions are inelastic interactions of antiprotons with nuclear nucleons. Here, the
FTF model works rather well as seen in Fig. 6. In the figure, we show Feynman X distributions of
protons and antiprotons in p and p̄ interactions with Be, Cu, Ag, W and U at projectile momentum
of 120 GeV/c. Points are experimental data from the paper [29]. Lines are our calculations by FTF
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+ PRECO. As seen, there is a good agreement between the results and the data at xF > 0.15 for
projectile antiprotons, and xF > 0.2 for projectile protons except Be target. The model reproduces
the A-dependence of the spectra and the experimental suppression of the antiproton spectra with
respect to protons. Nearly the same results were obtained in Ref. [29], where the data were analyzed
on the base of DPM.

Two peculiarities are presented in our calculations – a peak at large values of xF connected
with quasi-elastic scattering of the projectile particles and the underestimation of the spectra at
small xF . The peak is absent in the data due to the experimental conditions. The underestimation is
caused by insufficient antibaryon-baryon pair production in the central region of nucleon-nucleon
collisions in the Fritiof (FTF) model. It is desirable to improve the description in the future.
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Figure 6: Protons and antiprotons xF distributions in pA and p̄A interactions. Points are experimental data
[29]. Lines are our calculations.

π-mesons are dominating among produced particles at high energies. Their multiplicities
are mainly determined by the multiplicity of the intra-nuclear collisions which is calculated using
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AGK cutting rules or Glauber approach. Many Monte Carlo models use the approach, and they
are distinguished by details of the production mechanism, but they have a minor influence on the
multiplicities. Probably, fine differences can be found in particle’s distributions on kinematical
variables. As shown in Fig. 7, the FTF model reproduces general properties of mesons produced in
p̄A interactions. First of all, the model FTFP describes A-dependence of the spectra in the central
region. Calculation results are very close to the experimental data for π− mesons. Insufficient
yield of positive charged particles is observed in the model in the target fragmentation region. The
result can be improved applying more elaborated model for the particle cascading. It would be
well to check the correctness of the description of the proton production in the target fragmentation
region. We believe that peaks presented in the data at η ∼ 0 are connected with these protons.
More detailed experimental data in the region are needed for a firm conclusion about the model
quality.
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Figure 7: Pseudo-rapidity distributions of positive and negative charged particles in antiproton-nucleus
interactions at 200 GeV/c. Points are experimental data [30]. Lines are our calculations.

Let us go to antinucleus-nucleus interactions. For these interactions, we have calculated cross
sections using Glauber model and our parameterizations of total and elastic p̄p cross sections. For
simulation of antinucleus-nucleus interactions in the FTF model, we also applied AGK rules with
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the low energy corrections. It was also very important to take into account the low energy particles
cascading in nuclei. We have found only 2 papers with experimental data on antideuteron-nucleus
interactions [31, 32]. The data were obtained with liquid hydrogen bubble chamber of LHE JINR
irradiated by antideuterons with momentum of 12.2 GeV/c. The statistics of the data are small,
about 2 – 3 thousand events.

We show the experimental data for the d̄d interactions [31] and our calculations in Fig. 8. As
seen, very promising results are obtained for the interactions. In the left figure, we present p2

T

distributions of π− mesons and antineutrons. The π meson data and calculations are given by blue
points and blue lines. The antineutron data and corresponding calculations are given by red points
and red lines. As seen, a good agreement between the data and calculations by FTF+PRECO is
reached. In the middle figure, we show p2

T distributions of positive and negative charged particles.
We also have obtained a good description of the data (red and blue points) by FTF+PRECO (red
and blue lines). In the right figure, we give the data on rapidity distributions of π− mesons (blue
points) and π+ mesons (red points). Blue and red lines are correspondingly FTF+PRECO calcula-
tions. We have not used any additional tuning of the FTF model for the description of these data.
Cross sections of d̄d interactions were taken from previous calculations. We have not considered
a possible absorption of mesons in the liquid hydrogen chamber which can be responsible for the
small difference between the data and the model calculations in the central region.
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Figure 8: Distributions of particles on kinematical variables in antideuteron-deuteron interactions at 12.2
GeV/c. Points are experimental data [31]. Lines are our calculations.

In the next experiment [32], a tantalum plate disposed in the chamber was irradiated by a beam
of antideutrons with momentum of 12.2 GeV/c. The multiplicity distribution of charged particles
produced in the interactions are shown in the Fig. 9 (left) in a comparison with calculations by
FTF+PRECO (blue lines) and FTF+Binary (red lines). As seen, the models describes the data
rather well. Another situation takes place with multiplicity distributions of protons produced in the
d̄Ta interactions. Both combinations of the models cannot describe the data quite well. According
to Ref. [32], only protons with momenta larger than 300 MeV/c were observed. The slow protons
were absorbed by the Ta plate. We took into account this restriction. Additional to this, we assumed
that π-mesons with momenta less than 100 MeV/c were also absorbed by the plate. These did not
help too much. Probably, the difference between the calculations and the data is connected with
beam background. According to Ref. [32], the beam had 40% admixture of π− mesons, which we
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did not considered. Maybe other experimental conditions have to be taken into account. We are
going to study these data more carefully in the future.
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Figure 9: Multiplicity distributions of charged particles and protons in antideuteron-deuteron interactions at
12.2 GeV/c. Points are experimental data [32]. Lines are our calculations.

We can conclude that FTF model in Geant4 reproduces general features of antinucleus-nucleus
interactions.

Conclusion

A model of antibaryon-nucleon, antibaryon-nucleus and antinucleus-nucleus interactions com-
bined many phenomenological approaches is proposed. The model is implemented in Geant4
toolkit starting from the version 9.6. It includes:

• Estimation of antibaryon-nucleon process’s cross sections;

• Calculation of antibaryon-nucleus and antinucleus-nucleus interaction cross sections in the
Glauber approach;

• Finite energy corrections to the AGK cutting rules;

• Reggeon theory inspired model of nuclear destruction (RTIM) at high energies;

• Formation time for low energy secondary particles and their cascading;

• Nuclear residual de-excitation models of Geant4.

All of these allow one to describe main properties of the interactions.
The authors are thankful to the Geant4 hadronic working group for stimulating discussions

and interest to the work.
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