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The Experimental and Simulation setup

DNA plasmid experiment
» Titanium exit window: 50.m thick
» Lead brick with

v' ahole diameter of 30 mm for effective shielding X-rays
during experiments.

Scat.plate
’ PMMA: 5 mm —

Epp.Tube

D DQD | RHOLDE

» Flexible Sample Positioning:

A 4
v' Transversely movable stage to position individual
samples in the electron beam. .
P -1 film: 2
» Accurate Dose Measurement: =
v' Gafchromic films used to analyze dose profiles before 0 —100 —200

and after the samples, ensuring accurate and reliable The experimental and simulation setup used for irradiating samples in Eppendorf tubes. Gafchromic

measurement of dose distribution. films were located in front of and behind the Eppendorf tubes to measure the dose delivered to the
: . samples.
> Eppendorf tubes for experiments: P High Dose Rate (HDR) Low Dose Rate (LDR)
v ZOﬂL in 0.5mL tube ers =4.53 mm, Yrms =5.08 mm ers =3.78 mm, Yrms =3.50mm

15 e - o
Disp5.FC2: 143.02; +/- 6.37 Films: 847-863 vt
Disp5.FC2: 148.60; +/- 6.86 Films: 901-917  Dose: {50,25,10,2,0} 25f
Disp5.FC2: 142.99; +/- 6.27 Films: 919-935 7
Disp5.FC2: 3.42; +/-0.25  Films: 1081-1098
Disp5.FC2: 3.31: +/- 0.61  Films: 1099-1116  Dose: {50,25,10,2,0} S
Disp5.FC2: 2.89; +/- 0.57 Films: 1117-1126 15
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Experimental Results for High Charge (HDR)

Dose profiles on the films

> Single train with Npp,qe = 227 bunches | Set: 1

857

Dose [Gy]

Dose [Gy]

20 15 110 -5 0 5
x (mm)

10 15 20

#857 after Eppi: 40.57 +/-1.73 G

0.75

0.5

rel. intensity

0.25¢

38 40 42 44 46
Dose [Gy]

) #848 before Eppi: 50.80 +/-1.50 G

‘ 015

Dyupe = 46.2

0.75 |

0.5

rel. intensity

0.25

48 50 52 54
Dose [Gy]

Experimental results: scanned Gafchromic films before and after Epp. tube
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High Dose Rate (HDR)
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Comparison of three sets of experimental results in which the same

doses of 50, 25, 10 and 2 Gy were predicted.
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Experimental Results for Low Charge (LDR)

Dose profiles on the films

> Single bunch with Nyjqe

#1 090 After Eppi:

T
-20 -15 -10 10 15 20

20 15 10 -5 0 5 10 15 20
X (mm)
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= 9260 trains | Set: 1
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Experimental results: scanned Gafchromic films before and after Epp. tube

Low Dose Rate (LDR)
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Comparison of three sets of experimental results in which the same
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High Dose Rate (HDR)

(!

MC Simulation Results (HDR)

Dose profiles on the films and on the Epp. tube center

> Slngle traln Wlth Npluse =236 bunches | Set 3 1 _@ppi: 58.01 +l—4@ < After Eppi: 39.62 +/-4.18 Gy

10 Dose Distribution Before of Tube Dose Distribution On Tube Cente 16 — Dose Distribution After of Tube — o0 . 075

75 758 % é

5 5 = af::’ 05|

25 25 “ E °

E ©  025)

0 E 0 30 g
2.5 2.5 20 0

-5 -5 : 50 60 70 80 45 50 55 60 65 70 75 30 35 40 45 50 55
o d . & 10 Dose [Gy] Dose [Gy] Dose [Gy]
10 B 4 £t 1o M - B, Simulated dose in Epp. tube: 92 % of dose on film position before tube:

-10 -7.5 -5 -2.5 0 25 5 7.5 10 -2 -1 0 1 2 10 -7.5 5 25 0 25 5 75 10 .

X{mm) Xmm) X{mm) close to the experimental result.

Y [mm]

Dose distribution on the transverse (XY) plane for different positions.

«10° Multi bunches | Single train | Epp. Tube Multi bunches | Single Train

5 : 60 70 I
‘ Disp5.FC2 = 143.0 [pC] | 2 | ——— FLUKA: Before 20%
Transverse Dose Distribution Uniformity | 0.25 mr  Longitudinal Dose Distribution Uniformity | 0.25 mm 100 i Y 58.07 60— FLUKA: Tube Al
i : 4.5 | ‘ Dose : 5.81e+01 [Gy] | ' 150 FLUKA: After / !\‘
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Uniformity of dose in the Epp. tube on the XY and YZ plate: Comparison of simulation and measurement results with different numbers of

bunches. The solid line represents simulation data and the dotted line represents
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Low Dose Rate (LDR)

MC Simulation Results (LDR)

Dose Distribution on the Gaf. Films Position
> Single bunch with Npp,se = 9434 trains | Set: 3

Before Eppi: 59.79 +/-6.03 Gy , Tube Eppi: 53.46 +/-5.46 Gy g

After Eppi: 35.22 +/-4.46 Gy

10 - ffkggse Distribution Before of Tu:: Dose Distribution On Tube Center Dos.e Pisttibution Afte of‘ 'E;be P 0751
7.5 5:5‘ ; %’;
it 50 =
5 — 2 05|
e
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> Q
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10 ) Dose [Gy] Dose [Gy] ) _ Dose[Gy]
Simulated dose in Epp. tube: 90 % of dose on film position before tube:
- X{mm] ' X fmm] S xem ' close to the experimental result.
Dose distribution on the transverse (XY) plane for different posmons.0 . Multi Train | Single bunch | Epp. Tube . . Multi bunches | Single Train B
. ‘ Disp5.FC2 =2.9 [pC] ‘ — FLU‘KA: Before 18%
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Uniformity of dose in the Epp. tube on the XY and YZ plate Comparison of simulation and measurement results with different numbers of

bunches. The solid line represents simulation data and the dotted line represents
measurement data. Page 7
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Experimental Results for High Charge

0'20

60

20 g

Dose profiles on the films: 919 - 93

60",
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Simulation setup

Enhance the experimental setup by using the scattering plate as a mask, positioned in front of the film.

Current holder Holder with mask
10
T
£0
>
-10
-20 -10 0 10 20
x [mm] o Tube ' .
The scattering plate as a mask \ @
Yy 1
% Size: the width iIs 3mm , l gl |
% Material: i/ ':’
> PMMA with a thickness of 2mm, 4mm "f .
> Aluminum with a thickness of 1mm d
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MC Simulation Results (HDR)

Dose Profile on the Gaf. Films Position

~

Scat.Plate:
AIR

Dose Distribution Before of Tube

Y [mm]

X [mm]

Dose distribution in the transverse (XY) plane for films before and after the Epp. tube with
different mask material and thickness.

Y [mm]

Y [mm]

o

Scat.Plate:
PMMA (2mm)

~

Dose Distribution Before of Tube

X [mm]
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Dose Distribution Before of Tube
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Scat.Plate:
Al (1mm)

Dose Distribution Before of Tube

Dose Distribution After of Tube

Film in front of the tube

High Dose Rate (HDR)

_Film in front of the tube
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MC Simulation Results (LDR)

Dose Distribution on the Gaf. Films Position

Scat.Plate:
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Low Dose Rate (LDR)
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MC Simulation Results

Dose Distribution on the Gaf. Films Positioned and Epp. tube

The scattering plate as a mask

13 ——
10 [
B
Eo
HIELAY 4
-20 -10 0 10 20

x [mm]

The scattering plate, acting as a mask, conditions the
dose value at the films and tube to be less than 1%,
compared to the scenario without the mask. This
comparison spans various mask materials, thicknesses,
and different initial beam profiles in all cases.
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» High dose rate experiments:

» Predicted by simulation doses of 50, 25, 10, and 2 Gy demonstrate notable variations in dose across different films. Specifically, there is a
17% variation before the film and a 8% variation after the film under the same conditions (initial beam, charge).

» Experimentally observed statistical variation of dose on the films is 20% and 10% before and after the Eppendorf tube, respectively.

» Low dose rate experiments:

» Predicted and irradiated doses of 50, 25, 10, and 2 Gy, demonstrate notable variations in dose across different films. Specifically, there is a
5% variation before the film and a 2% variation after the film under the same conditions (initial beam, charge).

» Experimentally observed statistical variation of dose on the films is 17% for both films.

> Simulations results

» Demonstrated a good agreement with the experimental data, revealing deviations of less than 1% and 4.5% after the Eppendorf tube for
high and low charge scenarios, respectively. Notably, the simulated dose within the Epp. tube corresponded to 92% of the dose at the film
position before the tube, closely aligning with the experimental results.

» The dose within the Eppendorf tube demonstrated uniformity, over 92% in the transverse plane and over 90% in the longitudinal direction, a
result attributed to the tube's specific shape.

» Noticeable differences between the simulation data and the experiments are demonstrated on the film positioned in front of the tube,
revealing deviations of about 20%, which may be due to an incorrectly determined position of the tube on the front film.

» Enhance the experimental setup

» The use of a scattering plate as a mask in front of the film proves to be effective in accurately determining the position of the tube.
Simulation results highlight the superior performance of aluminum with a thickness of 1mm as the mask material. Notably, under Eppendorf
tube conditions, the simulated dose with the mask is only about 1% less, as compared to the scenario without the mask.
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