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Radiobiological Applications

Beam and baseline design performance review

/ Gabor lens configuration

Optimised optics & spot size flexibility

Beam uniformity

Dose delivery validation
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Re-simulated Beam Parameters LOAR o DI

SCAPA Beam | SCAPA Beam

(6 month (updated)
report)

Mean RMS 3.26x107 1.43x10°8 7.98x108 8.25x108

emittance

[m]

Mean beta 4.89 141.34 21.62 20.24

[m]

Mean alpha  -50.22 -1418.43 -222.23 -204.99

- GPT simulation artefact discovered, artificial emittance growth
- Target housing beam transport remodelled

- Beam transport simulation drafted into technical note.
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SCAPA Beam: Full Spectrum _ \ | .
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- Constant bandwidth across
transverse spatial
distribution

- Suspected simulation
artefact
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- Negligible impact on 15 MeV : :
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- RF-Track: modelling
composite beams
with space charge
forces s

- RF track example:
1000 protons & 0.
1000 electrons (all
macroparticles)

- Aim: model LhARA >
proton & electron co- e <
propagation in the Lo s
target housing e

- Simulated electron
data needed
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Baseline Design Performance N\ S
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- Optimised solutions for 3.6 cm and 3.2 cm beam. Smaller beams
challenging.

- No solutions for FFA injection line conditions.
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/ Gabor Lens Configuration RA | .

- Investigation of /7 Gabor lens / solenoids configuration

- Single energy collimator

- Geometry modifications:
- Extra 0.2m between GL4 & GL5
- 2.5m long drift after GL5
- GL6 & GL7 added in same configuration as GL4 & GL5

F—— - Matched solutions for 5 spot sizes (no space
e _ens . B to in vitro
-I|- gstf:;:y Charge)' Er?gn;t;[ion ;
| Collimator - 3.0,2.5,2.0,1.5, 1.0 cm (2 sigma diameter)
. Dipole
* Quadrupole ertcal Matchine A
eam Dum M 4 . 1 ti
B cenou - Baseline design update technical note ertical Matching Are
’ drafted.
I_, ,  Capture Matching and Energy Selection S:j néxst:]aﬁ:gg A-bort
) ﬁ/\/ | \F_/\ Line
Beam from
toeer g HE - -
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Model Validation & Performance

- Space charge impacting performance
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Capture Section Optimisation _ oo DR

GL1 GL2 GL3

.............................. —— MADX, oy
—== GPT Optimised, oy
—— MADX, g,
——- GPT Optimised, o,

12 A

10 A

Ox,y [ mm

- Machine engtr
flexibility between

GL2 & OL3 achieved --

Gabor Lens 1 2.491/64 2491764

- ~25m
Gabor Lens 2 1.018776 0.572400 1.045545 0.587440
Gabor Lens 3 1.448605 0.813900 1.449852 0.814601
W. Shields 9
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- Optimised
solutions found

for 3.0, 2.5, and
2.0 cm spot sizes

- Trending to
divergent beam,
focus after GL7/.

0.004 A

0.002 A

0.000 A
0 5 10 15 20
S/m

Solenoid Equivalent Field [T]

cnotSielemy I selenckEquivalent Rl
Gabor Lens 4 Gabor Lens 5 Gabor Lens 6 Gabor Lens 7

3.0 1.072940 0.807211 0.0011921 0./87153

2.5 0.996313 0.832585 0.000871 0.858701

2.0 0.9959/6 0.823955 0.749300 0.836557
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Radiobiological Applications

Optimised Optics: Beam Profile oo
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- Similar end
station profile
and phase space
to pre-CDR
beam.
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00124/ \ Nominal Arc

=== Optimised Arc
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- Arc quadrupoles varied, improved solution for 2.0 cm spot size beam.
- Quad gradient constrained to + 22.4 T/m (pole tip field = 0.82 T, 3.65cm

radius)
- Solutions for smaller spot sizes remains challenging.
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2.0cm Spot Size: Beam Profile
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Laser-hybrid Accelerator for
Radiobiological Applications

250 A —— Nominal
—— Optimised
200 A
150 A
100 A
50 A
0 l T T
40 45
T (ns)
—— Nominal
300 A —— Optimised
200 A
100 A
0 l T T T
14.5 15.0 15.5

- No major impact on end station beam profile.
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Matched Solution for FFA Injection Line T/ I, s
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B [T] Mean RMS 2.959 x 106

Emittance [m rad]

Gabor Lens 4 1.827/56 1.02682
Mean Beta [m] 49.92
Gabor Lens 7 0. 55688 0.31288
Mean Alpha 0.07/5
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Preliminary Octupole Simulations L .
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Repositioned Octupole: Arc End
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1750- _ olwew| - Moving the octupole
- 1500 2 = 80000 to the end of the
S 1250 vertical arc improves
< 1000 uniformity
g 750 significantly.
8 500
. - Octupole strength to
. be optimised.
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Octupole Position Sensitivity , B =

Unshifted

1750 ~ )
—— Shifted
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B N N
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- Artificial shift of mean vertical position entering the arc improved
uniformity asymmetry.

- Uniformity sensitive to beam position — correctors likely needed
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Dose Rate Check: End Station \h |20

Cylindrical scoring mesh -

- Markus lon chamber - Nocell |ayer
g2” _ dimensions - 1.0 cm spot size beam
- Gaussian

+«—— Water
<+«—— (Container
- +— Gap

- 2.5mm sigma

15 MeV mono-energetic
PhysicsList: "g4QGSP_BIC_EMZ" 1

Markus lon Chamber (cylinder):

- 2.65 mmradius
- 200 mm length

/ Scintillation Fibre

Vacuum window
Drift Tube

Drift: Vacuum 0.01
Vacuum window Mylar /5e-6
Scintillation fibre Polystyrene 250e-6
T T T Gap Air Se-3
Proton Beam Container Polystyrene 1.3e-3
Water Block Water 24e-3

1. Geant4 medical physics list recommendations:
https://doi.org/10.1002/mp.14226 18
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End Station Dose Rate L

End Station Dose

Dose per proton (event)

Scored Dose in GeV : 3.362E-03 +/- 3.908E-05
Calculated Dose in GeV: 3.361E-03 +/- 2.090E-05
Calculated Dose in J : 5.386E-13 +/- 3.348E-15
Calculated Dose in Gy : 1.221E-08 +/- 7.588E-11
Scored Dose in Gy : 1.221E-08 +/- 1.419E-10
Dose scaled to 1@° protons per bunch
Scored Dose in GeV : 3.362E+06 +/- 3.908E+04
Calculated Dose in GeV: 3.361E+06 +/- 2.090E+04
Calculated Dose in J : 5.386E-04 +/- 3.348E-06
Calculated Dose in Gy : 1.221E+01 +/- 7.588E-02
Scored Dose in Gy : 1.221E+01 +/- 1.419E-01

- Dose re-simulated to be 12.21 £ 0.14 Gy / shot

- Instantaneous dose rate: 1.7 X 107 Gy/s
- Based on pre-CDR bunch length of 7.0 ns

- Average dose rate: 122.1 + 1.4 Gy/s
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=
summary LN/ \y LR

Demonstrated flexibility of / Gabor lens configuration

Optimised solutions for spot sizes & FFA injection line

Re-established octupole feasibility

Validated end station dose calculations
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William Shields
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