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Aims:
» Using BDSIM in simulations of the radiobiology facility.

» Capturing and transporting a laser driven proton beam,
appropriate for in-vitro proton therapy.

» Implementing simulations of a Gabor lens, a compact
focusing lens.

» Contributing to the CCAP Conceptual Design Report.




. BDSIM (Beam Delivery SIMulation)
. > C++ based Geant4 toolkit.

» Simulates particle transport and particle-material interactions.

« Text-based interface e External formats are inflexible

 Accurate with single particle Not intended for optical design
and beam loss simulations or optimisation

« Compatible with MADX format

« Can form beams via optical
parameters

Inaccurate with collective
effects

Limited documentation

Unexplored bugs

« Geant4 DNA not an included
 Clear 3D visualisation with physics package
displayed tracking

e Customisable with external
geometry and fields
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[Figure 1*: Final Annotated BDSIM visualisation of CCAP v2 Beamline] (Figures with * will be shown in conference)
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[Figure 2a: Phase-space diagram of a 10000 proton Gaussian beam]
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[Ficure 2b: Phase-space diagram a 10000 proton user-input beam]



Quadrupole Lattice Simulations

» Producing a stable beam through a FODO cell.

» Using MADX to gain quadrupole strengths.

> Producing and understanding phase-space plots.
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[Figure 3b: FODO Cell Diagram] [1]
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[Figure 3c: Annotated visualisation of a quadrupole cell in BDSIM]
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Dipole Fringe modelling

Bending plane dpz q:.;in tﬂ.ﬂ[ﬂ} (1)
"Iy,in

p

Non-bending plane fipy

tan(@ — corr.) (2)

[Figure 4: BDSIM rbend]

corrs| (3)

0= el, pole face angle
heap IS dipole gap
rho is length / dipole bending angle




Additional definitions:
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Capture Section Modelling

» Built-in Solenoids

> Quadrupoles (1D only)

N Gabo r I_e ns fl e ld m ap [Figure 5a: Ineffective BDSIM Solenoid using BDSIMone integrator]
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[Figure 6a*: Gabor Lens E-field z/Fz on-axis.]
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[Figure 6b*: Gabor Lens B-field z/Fz on-axis.]
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Gabor lens field
map Issues

« 2D raw data vs 3D

« Regular grid
required

« Length of raw file

« BDSIM electric field
effects
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[Figure 7: Gabor Lens E-field in x/Fx, z/Fx and z/Fz .]
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Gabor lens focusing
ﬁ

[Figure 9a: Tracking of the beam through the two Gabor lenses (orange)]
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[Figure 9b: Phase-space plots after Gabor lenses and drift lengths] 13




CCAP prototype

10/07/18

Arbitrary drift
lengths

Two Gabor Lenses
of 30cm

8 Quadrupoles

Drift length: Unknown

Dipole (D)
Lens length: 600mm
Bmax: 1.2T

Gabor Lens (G) Aperture: 600 x 60 mm*2

Lens length: 300mm

Solenoidal equivalent Brax: Unknown
Diameter: 30mm

A perture: Unknown

Please note dipoles will featur
arectangular geometry, not a
trapezium as displayed

Quadrupole (QF/QD)
Lens length: 300mm

Buma:: 1.2T

Pole tip aperture: 60mm
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[Figure 10: Prototype simulation of CCAP Beamline.]




CCAP Version 1
30/07/18
Long beampipe

Inefficient optics
due to extreme beta
and long drifts

One Gabor Lens of
/0cm

18 Quadrupoles

[Figure 11: CCAPv1 Visualisation- unannotated.]




CCAP Version 2

09/08/18

Optics modelled after
solenoids

Two Gabor Lenses of
95cm

14 Quadrupoles

Possibly over
expensive

Prefer to be more
compact

Likely replace
quadrupoles with
additional Gabor
lenses
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[Figure 1*: Final Annotated BDSIM visualisation of CCAP v2 Beamline]
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BeamOptics and BDSIM Comparisons
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[Figure 12a*: Comparison of CCAPv2 Optics]
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[Figure 12b*: Comparison of CCAPv2 Optics- zoom]



Emittance Plots of CCAPvZ2 Transport Line
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[Figure 13: Small plot of emittance at major points of the CCAP beamline] o SN
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[Figure 14ab:* First and final emittance of the transport line]




To do next:

» Extending Gabor Lens field map
> Matching optics of capture section
> Combined simulation of capture and transport section

» Implementing working beam dump, collimators and Wein
filter

> Implement working model of end station, modelling
bhantoms

» Flexibility for multiple ions to be transported through the
components

» Functioning transport model for input beam
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. Conclusion

> Provided the foundations in BDSIM usage to simulate a
complete CCAP beamline.

» Included files for producing field maps and measuring
properties of the simulation.

> Proven that BDSIM can give the desired results.

Thank you and | will welcome any questions.
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CCAP v2 Optics- Jaroslaw’'s Calculations
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[Figure 11a Jaroslaw’s calculations of optical parameters throughout beamline.]



CCAP V2 Optics- BDSIM
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[Figure 12a*: BDSIM calculations of optical parameters throughout beamline.]



CCAP v2 Optics- Jaroslaw’'s Calculations zoom
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[Figure 11b Jaroslaw’s calculations of optical%"él'ameters throughout beamline- zoomed scale.]
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CCAP v2 Optics- zoom
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[Figure 12b*: BDSIM calculations of optical parameters throughout beamline- zoomed scale.]



