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Simulated magnetic field map of AEgQIS trap (2024 values-with corrector coils)

Comparison of axial magnetic field simulated in COMSOL and CST. 3D model of the AEgIS trap
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The P9 electrode input signal

P9 signal and its analytical P9 input reproduced for CST

approximation
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The P9 electrode input signal
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\ The wire grids (G1,G2) are modelled as

planar discs ,perforated disk and as with
meshed wires.

Simulation

=
.

al o ool

@
=]
=)

G ivikioo 3 N
’ . A@ 9 ‘ S “(‘V)EJASAR (iE?W

4> ———— Bharat Singh Rawat \'7 )



Observation planes

For tracking particles along the axis For counting hits on G1
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Created using
SIMULIA CST Studio Suite®

A0

position monitor 1 A
Cutput Energy

Sample 1/336

Time Ous

Particles 10000
Maximum (Sample) 1200.66 eV
Minimum (Sample) 0.134726 eV
Maximum (Global) 1202.27 eV
Minimum (Global) 0.0298317 eV

Typical Swinging simulation (A0=-34V)
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From the last update

Mean Oscillation Period for Each Voltage
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* Wrong energy of the source antiprotons and very
simplistic modelling of the G1 grid.

Mean Oscillation Period (us)
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Density (a.u.)

Older profile
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Maxwellian Source Settings

Maxwellian source but with 3mm radius

Y

Y
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n,(r) [particles / m?]

General

Particle settings

Partide density [1/m~3]:
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pbar profile with tails

.

Mumber of macro-partides: 70000

[[]seed for random numbers: 10

Drift velodty settings [eV]

[ create particles in pairs

¥ component:

Y component:

Z component:

Temperature settings [eV]

¥ component:
' component:
Z component:
Truncation factor:

Time settings
Emit once at solver start

1

Cancel Help

Around
particle
particle
given

volume.

1 macro
per real

in the
source

Ref: Eur. Phys. J. D (2018) 72: 76
https://doi.org/10.1140/epjd/e2018-80617-x

Initial energy distribution function

SourceProfie - Histagram - Energy, t = 0.1000us..0.1000us, Plane @ -359.9000 mm
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Perforated G1

How does a typical pbar swing look?

rv

* More accurate representation than the planar disk G1 with 30% transparency but the meshing has to be more
refined due to the multiple apertures.
* Source is still Maxwellian but with 3mm radius.
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Meshed G1

Same dimensions of wires
and pitch as experiment

Comparison of axial potential meshed G1 and perforated G1

Potential Profiles: Mesh G1 vs Perforated G1
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* Better representation than the perforated version , still need to remove the edges.
* But one scan of 200micro seconds with meshed G1 takes around 24 hours on the local PC with 32GB ram.
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Inputs needed in

User defined source modelling

j Gauss - Notepad

File Edit Format View Help

% Use always SI units.

% The momentum (mom) is equivalent to beta * gamma.
% The data need not to be chronological ordered.

%
@os_x pos_y pos_z mom_X mom_y mom_z mass charge charge(macro) time>

CST f -4.28752e-83 -2.81951e-83 -3.68288e-81 -3.45454e-23 5.72219e-24 -3.616608e-23 1.67262e-27 -1.68218e-19 2.55587e-23 6.08000e+08
Or SOurce -3.55588e-03 -3.48792e-83 -3.59261le-01 3.06398e-23 2.25865e-23 2.64524e-24 1.67262e-27 -1.68218e-19 2.61329e-23 0 .00080e+00
3.30689e-P3  -3.92642e-03 -3.5966de-B1 -1.64767e-23 -1.55492e-24 -1.95054e-23 1.67262e-27  -1.602182-19 2.449392.23  0.00B02e+00
deﬁnition 4.48256e-03  -4.405880-03  -3.60723e-01  -3.15411e-23 2.37413e-23  1.@5895e-23 1.67262e-27 -1.60218e-19  1.95706e-23  0.00000e+00
-4.20748¢ 93  -2.90069e 03  3.50773e 01 2.9484de 23  7.237@5e24  1.95030e 23 1.67262e 27 -1.60218e 19 2.19157¢ 23  0.900002+00
5.74906e 03  -3.868802 03  3.58308e 01 2.84228e 23  8.26694e 24  §.48480e 24  1.67262e 27  -1.60218e 19 1.6666e-23  @. 100
-3.48921e-83 -3.81622e-83 -3.6819%4e-81 2.55655e-23 -1.31618e-23 1.851084e-23 1.67262e-27 -1.68218e-19 2.16226e-23 0 .P0BA0e+B0
-3.91657e-83 -3.85611e-83 -3.685604e-81 -1.31451e-23 4.27087e-23 3.44448e-24 1.67262e-27 -1.68218e-19 2.47916e-23 0.00880e+08
3.487782-93  -4.357962-03  -3.50381e-01  -1.42651e-23  2.676732-23 3.29805e-24 1.67262e-27 -1.60218e-19  2.32018e-23  ©.000B=+00
5.53387e-03  -4.56987-03  -3.50550e-01  -8.50322e-24  5.53642e-25  -2.07336e-23 1.67262e-27 -1.60218e-19 1.84868e-23  ©.0000Pc+00
5.21572-93  -3.049880-03  -3.57942e-01 -2.1710le-23  -4.17875e-23 -1.46618e-23 1.67262e-27 -1.60218e-19 2.30736e-23  ©.00002e+00
4.09283e 3  -2.42941e 03  -3.50025e 01 1.03716e 23  7.8459@e 24  4.19749e 24 1.67262e 27  -1.60218e 19  2.46590e 23  0.00000:00
-3.97841e-03  -4.432950-03  -3.62083e-01 2.99417e-23  -4.24985e-23  -1.17787e-24  1.67262e-27  -1.60218e-19  2.09132e-23  0.00000e+00
Effect of a on initial EDF
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User defined source modelling
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Initial source distribution
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ReSults

Meshed G1 with r=3mm
(Maxwellian, T=300K).

E imental dat
FFT of mean energy of antiprotons xperimental data

and RKS model

+ Avg. Period

Comparison of the oscillation period
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e Still don’t see annihilations or losses with the distribution simulated so far.
 However, see a weak dependence of the oscillation period on A0 with different source distribution.
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ReSults

Another parallel development

— — o =
s AEIS haratsinghRawat N7 )

The Cockeroft Institute
o Aocsrate Ssaacs ans Techckogy



Example of 14keV antiprotons annihilating on electrode without
any electric field

G4Beamline model of AEQIS experiment

PDGid==211

N=57578, 4= —0.621524,0=177.613

PDGid==22

; :

sssss Gammas
* Studies related to antiproton annihilation events on electrode surfaces.
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Conclusion and task to be done

* The modeling was conducted using different versions of G1:

*Planar

*Perforated

*Meshed
» A weaker dependence of the oscillation period on A0 was observed in the simulations.
* Most efforts are focused on accurately modeling the initial distribution using a user-defined input, as both
annihilation/loss and oscillation periods appear to be strongly influenced by it. Still looking to figure out the accurate
initial source distribution of antiprotons before the swinging process to include the tails of the distribution.
* Developing a G4Beamline model to study antiproton annihilations, which cannot be modeled using CST.
* Once the swinging is properly reproduced using modeling , it can be further used to optimize the parabolic potential
profile to better values.
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Excitation: P13

Timing for P13 electrode Tiié“.i“.g for P9 electrode

Time / us

Initial Loading conditions:
Number of pbar : 20000
Density: 1 x 1012 m-3
Temperature: 55K (X,y,2)
Number of electrons : 80000
Density: 1 x 101 m-3
Temperature: 55K (X,y,2)

Mumber of Partides stil ave
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\ Particle Loss rate (axially)
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