POPLAR FUTURE BEAMLINE

JOSIE MCGARRIGLE 24/02/2026 POPLAR COLLABORATION MEETING



1

RESULTS SO FAR



CURRENT SET UP- OPTIMISATION
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CURRENT SET UP- VISUAL
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TRANSMISSION TO CELLS: 4.7 £0.07 %




ADDITIONAL METRICS

Coefficient of Variation (CV)
- Measures spread of radial fluence distribution
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Where: gy = sample std dev across populated bins
(@) = mean fluence across populated bins

Flatness
- Measures how flat the radial fluence profile is
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Where: @,,,,, = maximum annular fluence
D.nin = Minimum annular fluence



CURRENT SET UP- CV & FLATNESS ESTIMATIONS

Beam dose uniformity (accepted particles, r < 11.25 mm)
Fluence map (azimuthally averageg¢sg

Radial fluence profile

== Mean 3.132e+07
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Radial position r (mm)
CV and Flatness vs. therapeutic targets

== Targets: CV=5.0%, Flat=10.0%
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| Transmission:
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Cv:
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175.303 + 11.412 %
< 5.0 %
x FAIL

96.679 + 0.332 %
< 10.0 %
x FAIL

x: +0.039 mm (o = 5.178 mm)
y: -0.043 mm (o = 3.152 mm)

‘RMS ratio x/y:

1.643 (1.000 = circular)
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2 QUAD- IF CAN CLOSE Q2 DISTANCE- VISUAL
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TRANSMISSION TO CELLS: 2.50 £0.05 %




2 QUAD- IF CAN CLOSE Q2 DISTANCE- CV & FLATNESS
ESTIMATIONS

Beam dose uniformity (accepted particles, r < 11.25 mm)

Radial fluence profile Fluence map (azimuthally averageg7 11

~= Mean 7.083e+06 Acceptance boundary
Max 1.107e+07
Min 5.166e+06
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 FD Quadrupole pair

0 2 4 6 8 10 0 * Optimised by transmission

Radial position r (mm) X (mm)
CV and Flatness vs. therapeutic targets

== Targets: CV=5.0%, Flat=10.0%

‘Transmission: 2.503 + 0.049 %
Accepted N: 2503
Radial bins: 20
36.35 £ 13.46 %
cv: 25,483 * 6.631 %
Target: <5.0%
Status:
Flatness: 36.348 + 13.457 %
o Target: < 10.0 %
25.48 £ 6.63 % Status: x FAIL

Beam centroid:
X: +0.107 mm (o = 5.203 mm)
y: +0.056 mm (o = 5.669 mm)

RMS ratio x/y: 0.918 (1.000 = circular)

Flatness




4 QUAD SET UP- OPTIMISATION + 4 Quadrupoles

 FDFD 2 Quadrupole pairs
e Optimised by transmission

Key: # Focus Quadrupole ! ! Defocus Quadrupole - First pass: trials all quad options

- Second pass: optimises for best quad combo
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4 QUAD SET UP- VISUAL

PoPLaR Full LsrDrvn (reference particle local coordinates)

e 4 Quadrupoles
 FDFD 2 Quadrupole pairs

e Optimised by Transmission

TRANSMISSION TO CELLS: 4.40 £0.01 %




4 QUAD SET UP- CV & FLATNESS ESTIMATIONS

Beam dose uniformity (accepted particles, r < 11.25 mm)
Radial fluence profile Fluence map (azimuthally averagedes
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Radial position r (mm) X (mm)
CV and Flatness vs. therapeutic targets

== Targets: CV=5.0%, Flat=10.0%

e Optimised by transmission

[Transmission: ©.525 + 0.023 %
Accepted N: 525

Radial bins: 20

62.79 * 16.06 %

Cv: 44.396 = 24.173 %

farget: <50%
44.40 £ 24.17 % Status: x FAIL

Flatness: 62.791 = 16.062 %
Target: < 10.0 %
Status: x FAIL

Beam centroid:
x: -0.296 mm (o = 5.652 mm)
y: +0.142 mm (o = 5.007 mm)

IRMS ratio x/y: 1.130 (1.000 = circular)

Flatness



4 QUAD SET UP- OPTIMISATION + 4 Quadrupoles

 FDFD 2 Quadrupole pairs
* Optimised by CV
Key: t Focus Quadrupole ! ! Defocus Quadrupole - First pass: trials all quad options

- Second pass: optimises for best quad combo
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4 QUAD SET UP- VISUAL

PoPLaR Full LsrDrvn (reference particle local coordinates)

e 4 Quadrupoles
 FDFD 2 Quadrupole pairs
* Optimised by CV

* Low transmission penalty in cost function

TRANSMISSION TO CELLS: 1.87 £0.04 %




4 QUAD SET UP- CV & FLATNESS ESTIMATIONS

Beam dose uniformity (accepted particles, r < 11.25 mm)
Radial fluence profile Fluence map (azimuthally averagege7
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Optimised by CV

Radial position r (mm) X (mm) e Low transmission penalty in cost function
CV and Flatness vs. therapeutic targets

== Targets: CV=5.0%, Flat=10.0% rTransmission: 1.868 + 0.043 %
Accepted N: 1868
Radial bins: 20

56.13 = 10.38 %
Cv: 35.625 + 10.757 %

Target: <5.0%
Status: x FAIL

Flatness: 56.134 + 10.376 %
35.62 + 10.76 % Target: 210.0 %
Status: x FAIL
Beam centroid:
x: +0.162 mm (o = 5,109 mm)
y: -0.034 mm (o = 5.474 mm)

RMS ratio x/y: 0.934 (1.000 = circular) |

Flatness
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PENDING RESULTS



ANY QUAD SET UP- OPTIMISATION * Can have betweenlanngG uadrupoles

* Al FD orders investigated

* Optimised by Transmission

Key: t F or D Quadrupole * Optimised by CV



-/+ dipole pair

4 QUAD 2 DIPOLE SET UP- VISUAL

+/- dipole pair
Key: # Focus Quadrupole ! ! Defocus Quadrupole

Non-specific dipole pair
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SLIGHTLY UNHINGED OPTION



ANY QUAD & DIPOLE SET UP- OPTIMISATION
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