Dynamics of Interactions of Anti-Protons and Anti-Nuclei with Nuclei

in Geant4

A.Galoyan and V. Uzhinsky
(on behalf of the Geant4 Collaboration)

Anti-He-4, March 2011, STAR Collab., Au+Au (RHIC). Anti-Matter at Accelerators
ALICE Collab., Pb+Pb LHC - CERN

Discovery of Anti-Nuclei in cosmic rays? - > PAMELA, BESS, AMS, CAPRICE

Geant4 9.5 realese ( )
Interactions of anti-baryons (including anti-hyperons) and light anti-nuclei with matter have been

implemented in the Fritiof (FTF) model. This model is valid for incident anti-baryon energies from 0 to 1 TeV,
and for incident anti-nucleus momenta from 150 MeV/c/nucleon up to 1 TeV/c/nucleon. Corresponding anti-
baryon and anti-nuclear cross section classes have also been added. New processes were added to handle

inelastic reactions of anti-deuterons, anti-tritons, anti-3He and anti-alphas. ( )
Content

1. Dynamics of Pbar— P interactions in DPM

2. Determination of cross sections of Pbar-P processes

3. Comparison of calculations of Pbar-P interactions by our model with exp. data

4. Cross sections of antiprotons and light anti-nuclei interactions with nuclei

5. Dynamics of antiproton-nucleus and anti-nucleus — nucleus interactions

6. Description of known antiproton — nucleus exp. data by the FTF model

7. Validation of the FTF model for light anti-nucleus — nucleus interactions 1



Dynamics of Pbar-P interactions
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Cross sections, process “b”, anti-diquark — diquark string creation
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Cross sections, process “e”, anti-quark — quark string creation
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Cross sections, process “e”, anti-quark — quark string creation
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Cross sections, process “a”,
3 anti-quark — quark string creation
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X j _/ Cross sections, process “g/h”, high energy interactions
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Cross sections of Pbar-P processes in FTF model of Geant4
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Validation of FTF model, Pbar-P annihilation at rest
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Pbar-P channel cross sections with baryons in final states
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Pbar-P annihilation channel cross sections
http://g4validation.fnal.gov:8080/G4ValidationWebApp/G4ValHAD.jsp
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Results for inclusive cross sections of Antiproton — Proton reactions
Rapidity distributions of pi- mesons in Pbar-P interactions.
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Results for inclusive cross sections of Antiproton — Proton reactions
Rapidity distributions of pi+ mesons in Pbar-P interactions in
a wide energy range
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Results for inclusive cross sections of Antiproton—Proton reactions
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Glauber theory for antiproton-nucleus interactions

For the first time a good description of Pbar D interactions was reached in the paper by
V. Franco, R.J. Glauber Phys. Rev. 142 (1966) 119 High-energy deuteron cross-sections.

O.D. Dalkarov, V.A. Karmanov Nucl.Phys.A445:579-604,1985.
Amplitude of hadron-nucleus elastic scattering
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[} is the slope parameter of hN differential elastic cross section
B = (op%)* (1 + |p|*) /(16 7 ofly 0.3897).
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Diagen: Generator Of Inelastic Nucleus-nucleus Interaction Diagrams.
S. Shmakov, V.Uzhinsky, A.Zadorozhny, Comp. Phys. Comm., 54 (1989) 125
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Our parameterization of Pbar—P cross sections
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Antiproton—Nucleus interactions, cross sections for light nuclei

V. Uzhinsky, J. Apostolakis , A. Galoyan et al.
Phys. Lett. B705 (2011) 235

G0
g = 09-06-ref-03
; 5m:_ Pbar-D ulut
E &  Allaby, YF 12 538 1870
anaE- {3  Abrams, PR D1,1317 1970
|2 & Denisov, NP BE1, 1973 62
= il Bizzari, NC 228 225 1974
o0 ——
100
ni aaal " et al " PR
10 10 1 pysevic)
5 M T 0ETet0T
E asof PharLi o,
. 4  Denisov, NP B&1 62 1973
E B Gorin, YF 18 336 1973
380 - & Allaby, YF 12 538 1970
ap0E- Carrol, PL VEOB M3 319 19
280 -
200
180 =
ioa E nnnl 0o nooal A onnon
10 10 10 P (Gewici?”
5 e G9067ei03
E =110 ;_ — PharG {5'
v B0 &  Allaby, YF 12 538 1970
= kv Nakamura, PRL W52 N9 1964
R = B Gorin, YF 1B 3361973
3 ¥ Carroll, PL VBOB N3 319 1870
S0 E- 3 Abrams, PRD V4. N11. 1871
A0
300 -
200~ Ll
ioa E nnnl 0o nooal A onnon
107 10 10 P (Gewici?”

Antiproton-nucleus cross sections implemented in Geant4 PhysicsList — FTF_BERT

500
5 E ':, 09-06-ref-03
E 450 + | emmma Pbar-He o_
L=2F 1] E_ "r' — Phar-He ﬂ'lr“l
E gp Balestra, PL 1658 265 1585
8O- {F"—._ & Allaby, YF 12 538 1970
00 - b *n, Batusowv., YF 52 1222 1930
280 -
200 E-
180 F-
==
50 E .l ol - P
107 1 10 1 pyseic)
g D THGE-ref 0T
E rpaE_ Pbhar-Be T
o 5 ¥  Schiz, LMI-80-12108 1978
it = B Gorin, YF 18 336 1673
S M8  AMaby, ¥F 12 538 1670
S0 = 3 Cork, PR 107 248 1857
ana b i Bailey, ZPGC 8 1985
o F %
oo - =
Ti= N 1 n ] " nnnnan
10" 1 10 10 P (Gewici?”
1200 O5-0E-ref0F
E1inofE- Pbar-al a
C . nom B &  Alaby YF 12 538 1870
3 LY Hakamura, PRL W32 MO 1984
Bl = B Corin ¥F 18 336 1973
B00 - W Carrol, PL VBIB N3 313 1873
3 As=hford, PRC W31 M2 663 1085
Tow -
00—
S0
‘Mi i L M. S !!......}
10 1 10 0 P Gewic]l

17



Antiproton—Nucleus interactions, cross sections for heavy nuclei

V. Uzhinsky, J. Apostolakis , A. Galoyan et al.

Phys. Lett. B705 (2011) 235

Anti-proton-nucleus cross sections implemented in Geant4 PhysicsList — FTF_BERT
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Anti-nucleus—Nucleus cross sections, absorption XS

Geant4 class G4ComponentAntiNuclNuclearXS for Pbar—Nucleus and
light Anti-Nucleus — Nucleus cross sections. PhysicsList — FTF_BERT
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Dynamics of Antibaryon—Nucleus interactions

A. Galoyan, Hyperfine Interactions: v. 215 (2013) 69
“Simulations of light antinucleus-nucleus interactions”
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Antibaryon—Nucleus interactions, inelastic interactions

Correction of multiplicity of intra-nuclear collisions, HARP-CDP exp. data
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The same is true for anti-nucleus — nucleus interactions
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Cu Pbar-A annihilation at rest. U
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Results of FTF validation for Antiproton—Nucleus

reactions inflight
Momentum distributions of i+ Momentum distributions of Protons
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Results of FTF validation for AntiProton—Nucleus

reactions inflight

Angle and energy distributions of pions and protons in Pbar-C /Nbar-C
interactions at projectile momentum 750 MeV.c
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Results of FTF validation for AntiProton—Nucleus

reactions inflight
Kinetic energy spectra of neutrons produced in Pbar-Al, Pbar-Cu at
projectile momenta 1.22 GeV/c
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Results of FTF validation for Antiproton—Nucleus

reactions inflight

Kinetic energy spectra of neutrons produced in Pbar-Ta, Pbar-U at

projectile momenta 1.22 GeV/c
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Leading antiproton spectra in Pbar-A interactions at high energies
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Results of FTF validation for Pbar-Nucleus

interactions at p=200 GeV/c
Rapidity Ch+, Rapidity Ch- mesons
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Validation of FTF model for antinucleus-nucleus interactions
We have found only 2 papers with exp. data on Dbar-nucleus interactions:

1. V.F. Andreev et. al, “Multiplicities and Correlations of Secondary Charged
Particles in the Interactions of Antineutrons and Antideutrons with a
Momentum of 6.1 GeV/c per Nucleon with Tantalum Nuclei”

IL Nuovo Cimento, Vol. 103 A, N8, 1989.

2. B.V. Batyunya et. al, “The Study of Inclusive Characteristics of antiD-D —
interactions at 12 GeV/c”, JINR Preprint P1-87-849

The exp. data were obtained using 2 meter liquid hydrogen chamber of LHE, JINR.
A tantalum plate in the chamber was exposed a beam of antideutrons at 12.2 GeV/c
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The difference between exp. data and calculations can be connected with

beam background ~ 40% from m- mesons and other exp. conditions.
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Conclusion

Dynamics of processes induced by Antiprotons and light Anti-Nuclei has
been considered in the extended Dual Parton Model.

1. Cross sections of Pbar-P processes are determined at
energies from 100 MeV to 1000 GeV and implemented in
the FTF model of Geant4. Good description of Pbar-P interactions
has been reached with the FTF model.

2. Method for calculations of Pbar—Nucleus and Light Anti-
Nucleus— Nucleus cross sections has been developed and
implemented in Geant4. Good description of known exp. data
on cross sections is obtained.

3. Extension of the FTF model on Antiproton-Nucleus
and Anti-Nucleus — Nucleus reactions has been proposed.
Promising results have been obtained.

4. The extended FTF model has been implemented in Geant4
toolkit.
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Antiproton-Nucleus interactions, elastic scattering on nuclei

Black disk model approximation with diffuse boundary and
Imaginary and Real parts of elastic scattering amplitude
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“Structure of antiproton-proton elastic scattering amplitude”
A. Galoyan, V.Uzhinsky, JETP Letters, v. 94, No 7 (2011)

94 sets of pbar-p exp data were used from Plab=181 MeV/c up to sqrt(S)=1800 GeV
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Description of Antiproton-Proton Interactions
by FTF, DPM and UrQMD models
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