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SIMULATION SETUP

+ The simulation was performed with the following

+ Geometry
+ Eppendorf tube 0.5mL and 2.0 ml, whose dimensions are shown in fig 1 and fig2.
« Exit titanium window with a diameter of 30 mm and a thickness of 50 um.
» The distance from the exit window to the center of the tube is 20 mm.
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« Various amounts of water in the tubes.

* Bam parameters

« Different Initial beam rms: 372

g, =4.83mm; oy = 3.38mm
* 0.5mL:

o, =4.32mm; o, = 3.06mm
o, =3.89mm; o, = 2.40mm

&

oy =4.83mm; o, = 3.38mm ] l\ ! \\

e 20ml: Oxy =5.0mm
Oyy =6.0mm
+ Beam energy: 22 MeV
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Figure 2: Eppendorf tube 2.0 ml
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Figure 1: Eppendorf tube 0.5 ml



EPPENDORF TUBE
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Schematic view of an Eppendorf tube in the YZ plane.

(a) and (b) correspond to a 0.5 mL Eppendorf tube,
where the amount of water is 20 uL and 50 puL,
respectively.

(c) correspond to a 2mL Eppendorf tube, where the
amount of water is 0. 5mL.
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Figure 3: The curves on the graph represent the fransverse spatial distribution of the electron beam along the Y axis for different planes: on the
exit window surface and in the center of the tube.

Compared to the amount of particles on the surface of the window and in the center of the tube, about 10%

in the window and in the air.

of primary particles are sc%tered




Dose is integral over longitudinal axis 0.1Tmm.
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DOSE DISTRIBUTION
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Dose distribution in the XZ plane parallel to the incident eleciron trajectory. 5




Dose is integral over longitudinal axis 0.1Tmm.
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Dose is integral over longitudinal axis 0.1Tmm.

DOSE DISTRIBUTION

g, =4.83mm; o, = 3.38mm

H=3.8mm Rpax = 1.6 mm V =20ulL
10 | 0.5uL
Uk z=19mm z =20mm z=21mm
Air 1 T T T I T T T — T — T T T — .I — T I 1 I T T T T
5 1 S
g . 3
g g 3
- go
0 fi—= | > |
v -1 §
=
0 5 10 [mm]15 20 g ‘ ‘ i Ll
-1 0 1 -1 0 1 -1 0 1
Dose Distribution Along the X and Y Axes | 20uL x [mm]
100 : = : e :
_,;.HE:":T_ﬁ__': . : Rain "-._- i :'._ . Dose distribution in XY plane perpendicular to the incident electrons path.
- 11 Lr ‘L'__LI_ Tl
l-
- b Y=—-1.5mm Y=0 Y =1.5mm
é. - A ] T | a 100
? ] _
a L 0 X
® b3
N Beam RMS: 80 g
m© = =
E o, =483 mm| a,= 3.38mm ?,
o Z=19.0 mm 70 X
= Z=20.0mm ]
80 | | Z=21.0mm g
~
== =Z=19.0 mm 60 o
- = =Z=200mm =
Z=21.0mm 50
75 : : : : : : :
45 A -0.5 0 0.5 1 15 z [mm]
Horizontal [X] & Vertical [Y] [mm]
Dose distribution in the XZ plane parallel to the incident eleciron trajectory.

7

90%

3 EM |



DOSE DISTRIBUTION
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transverse dimensions are integrated for central (a) 0.1 x
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Line colors correspond to different RMS beam sizes.
The unit of deposition energy is Gy per 1 nC beam.

o, = 3.89mm,;
oy = 2.40mm

100

4 Average Dose in Volume 20ulL | Eppendorf Tube 0.5mL

2.73

1.5

Average Dose [Gy][1nC Beam]

&
2

o =3.89mm; o =24mm o =4.32mm; o, = 3.06mm o =4.83mm; o = 3.38mm
x y x y x y

Beam rms [mm]

Normalized Dose [%)]

The average energy deposition in the entire volume of water
depends on the size of the beam spot.
The volume of wateris 20uL.




Dose is integral over longitudinal axis 0.1Tmm.
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Dose is integral over longitudinal axis 0.1mm. DOSE DISTRIBUTION o, =4.32mm; g, = 3.06mm
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Dose is integral over longitudinal axis 0.1mm. DOSE DISTRIBUTION o, = 4.83mm,; gy, = 3.38mm
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DOSE DISTRIBUTION
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Line colors correspond to different RMS beam sizes.
The unit of deposition energy is Gy per 1 nC beam.
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The average energy deposition in the entire volume of water
depends on the size of the beam spot.

The volume of wateris 20uL.
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Dose is integral over longitudinal axis 0.1Tmm.
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Dose is integral over longitudinal axis 0.1mm.
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Dose is integral over longitudinal axis 0.1Tmm.
H=11.3mm R, =4.4mm V =0.5mL
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DOSE DISTRIBUTION
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Dose distribution in water along the beam path where two
transverse dimensions are integrated for central (a) 0.1 x
0.1mm?,

Line colors correspond to different RMS beam sizes.
The unit of deposition energy is Gy per 1 nC beam.

o, =4.83mm;
oy = 3.38mm

14

Average Dose in Volume 0.5mL | Eppendorf Tube 2mL

100
80
60
40

20

. =

1.27

Average Dose [Gy][1nC Beam]
Lt e o =X
’S o ® a N

e
N
T

o.=483mm; o_=3.38mm o_=50mm; o_=50mm o =6.0mm; o =6.0mm
x y x y x y

Beam rms [mm]

Normalized Dose [%)]

The average energy deposition in the entire volume of water
depends on the size of the beam spot.
The volume of wateris 20uL.
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CONCLUSION

Simulations were done for Eppendorf tubes of 0.5 mL and 2 mL
* For 0.5 mL Eppendorf tube with a water volume of 20 ul:
* For the beam rms size of {3.9, 2.4} mm simulation shows dose homogeneity
region of 70% with and an average dose of 2.73 Gy for 1nC beam.
« For the beam rms size of {4. 8, 3.4} mm simulation shows dose homogeneity
region of 90% with and an average dose of 1.65 Gy for InC beam
* For 0.5 mL Eppendorf tube with a water volume of 50 pl:
« For the beam rms size of {3.9, 2.4} mm simulation shows dose homogeneity
region of 50% with and an average dose of 2.26 Gy for InC beam
« For the beam rms size of {4. 8, 3.4} mm simulation shows dose homogeneity
region of 70% with and an average dose of 1.49 Gy for InC beam
* For 2 mL Eppendorf tube with a water volume of 0.5 mil:
* For the beam rms size of {4. 8, 3.4} mm simulation shows dose homogeneity
region of 50% an average dose of 1.27 Gy for InC beam .
« For the beam rms size of 6.0 mm simulation shows dose homogeneity region of
80% and an average dose of 0.72 Gy for 1nC beam .
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