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FLUKA geometry

* The full geometry (including materials) of the accelerator has been implemented in FLUKA.

Cathode Beam Stopper
10 cm 10 cm I 10 cm
QIR
fiiarog 19 CIn
! 10 cm 10 cm 10 cmn
YI ' Drift
> i antom (H20) (W)
Standing Traveling
Wave Wave
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FLUKA geometry: different views




Input file: from Parmela to FLUKA

3 0.8 _ .
S r e | | —
~ 0.6- Meanx 0001023 °% "+ The beam dynamic has been evaluated by
_ e 01%s means of simulations performed with the
0.4 —=r 2221 | {500 PARMELA software, which provides the
B spatial and energy information of all beam
02 400 particles subjected to the accelerating
D electromagnetic fields of the structure.
0_
E 300
—0.2_—
E 200
—0.4—
: The beam interactions with the accelerator
_0.6— 100 passive materials has been simulated with
B FLUKA using as input the beam kinematic
_0 _I | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | 0 information prOVided by PARMELA.
H8 06 04 02 0 0.2 0.4 0.6 - rg_.

Distribution (x,y) of all particles read
from the output file of Parmela.

Y [cm]
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X

Input file: from Parmela to FLU

.E‘ 250_—
g T X profile
3 0.8 _ i
O, C xVSy straight 200 —
~ | | 600 :
0.6 oy -
: Sid Dev x | 0.1509 150__
04 —_ StdDevy 0.1503 . 500 E
: 100_—
0.2— 400 0
0 :I
= 300 0 1
B X [cm]
-0.2— x10°
n 200 -
-0.4— - Y profile
- 100 ;
-0.6— __
_0 C | | | | | | | | | | | | | | | | | | | | | | | I | | | | | | | 0 :
H8 06 04 02 0 0.2 0.4 0.6 0. N
X [em] -
Distribution (x,y) of all particles read -
from the output file of Parmela. i
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Input file: from Parmela to FLUKA

The PARMELA simulations output consists in the 4-momentum of each individual particle at discrete z positions
along the cavities. According such dynamic:

* Particles that do not exit from the beam pipe are simulated in Fluka using as starting position the end of the
pipe (®)

* Particles that exit from the vacuum pipe along their travel are tracked in FLUKA starting from the intersection
coordinate between the line describing its direction and the beam pipe cylinder (X).

Statistical sample
simulated by

PARMELA
N total ¢ 2.10°
Phantom N outgoing ¢ @ 14790

N straighte™ e 99835
N backscatterede 85375

Non tracked by PARMELA

z1 z2 z3 z4 Exit
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Input file: from Parmela to FLUKA

* Distribution in z of all particles read from the e Distribution in z of all particles exiting the
output file of Parmela. accelerator.

—_
o
L

200

Log Scale

N particles

N particles

180

160

SW drift TW SW drift TW

it rrrprrrrrll|X

140

120

100 |-

80 -

10 |

60 |1

| IR
el
———

_ﬁ

40 H

20 i 1

0_' ENELENENENNAN RN I B B 1 T I T N T N N N T N O M | | DA T I N 1 A Y T T N N TR RO A N B

0 20 40 60 80 100 120 140 160 180 200 -80 —60 -40 20 0 20 40 60 80 100
Z [cm] Z [cm]

Note: the z axes have two different scales because | shifted the z coordinates to fit the reference system in

FLUKA.
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Input file: from Parmela to FLUKA

* Distribution in kinetic energy of all particles  Distribution in kinetic energy of all
read from the output file of Parmela. particles exiting the accelerator.
tF Log Scale € 10° gL Log Scale
Q. B Q.
Z B Z
10° = _
U I
U W i
104§— Mou J“ - |
; T
L 10 L L w. i
e =
- - I
10° - i m
: e
— 1 | ] | | ] ] | ] | | ] | | | | | ] | | | | | | | | ] | . | | | | | | I | | I | | | | | | | | | | | | | | | |
5 10 15 20 25 30 -
° Ekin [MeV] 0 5 10 15 20 29 i [Mevsio
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Analysis of the FLUKA simulation:
DISPERSED FLUX




FLUKA number of primaries

 The number of particles traced forward, crossing the accelerator, from the

beam dynamics studies, is 114625. This statistic is too low to be used as # particles before = 114625
input for the FLUKA simulations. Therefore, what has been done is to
increase the multiplicity in the azimuthal angle ¢ of each outgoing # particles after = 1146250

primary particle.

* The evaluation of the dispersed flux was performed in a cylindrical region surrounding the accelerator. Here,
the scoring of the following quantities was carried out. /

» Scoring cylinder dimensions: R, =20cm R, =2lcm Az, =230cm Az, = 232cm

ou
A Come-fai..SBAl
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FLUKA tracks

* Graphic representation of the interactions between the primary beam and the accelerating
structure simulated by FLUKA.
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Electrons distribution

* Energy distribution of the electrons arriving on the cylindrical scoring surface.

GJ [
O N histogram
g error bar Log Scale
Q.
c 107°F E . =1.891MeV
T N
D B
Q |
_'(L) _
-
5 107°F
O -
- * The histograms are normalized to the number of particles
) simulated with PARMELA. These results indicate the
5[ number and energy distribution of particles (electrons,
10 7F .
- photons, positrons, and neutrons) produced per beam
E particle.
] | | | | | | | | | | |
0 10 20 30
Ekin [MeV]
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Photons distribution

* Energy distribution of the photons arriving on the cylindrical scoring surface.

© —
O 1 histogram Log Scale
g error bar
a 107" E,  =0.54MeV
© 23
3 107
E -
- _3_
2 10 -
O -
107 3 * The histograms are normalized to the number of particles
- simulated with PARMELA. These results indicate the
105 number and energy distribution of particles (electrons,
= photons, positrons, and neutrons) produced per beam
6: particle.
10 °F
0 10 20 30
Ekin [MeV]
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Positron distribution

* Energy distribution of the positrons arriving on the cylindrical scoring surface.

D —
O - histogram
g error bar Log Scale
g E =2671MeV
©
D s
® 10 °F
- -
- _
O B
O i
i * The histograms are normalized to the number of particles
simulated with PARMELA. These results indicate the
1078 number and energy distribution of particles (electrons,
- photons, positrons, and neutrons) produced per beam
- particle.
_l | ] ] | ] ] | | | ] |
0 5 10 15 20

Ekin [MeV]
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Neutrons distribution

* Energy distribution of the neutrons arriving on the cylindrical scoring surface.

D i
O - histogram |
g I error bar Log Scale
L E, . .=0.724 MeV
E _
T
S 15
R
- -
: -
8 |
- * The histograms are normalized to the number of particles
simulated with PARMELA. These results indicate the
-6 number and energy distribution of particles (electrons,
10 .
photons, positrons, and neutrons) produced per beam

particle.

0 2 4 5 8 10
Ekin [MeV]
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Dose calculated around the structure

le—12

3.0 -

. * Integrated dose along the beam axes
N.B. This is useful ticle b
only to see the dose (Z) Per particie beam.
25 _ distribution in that
region

g‘ o = 10712 Log Scale & zoom
Q@ SW O, :
£ 2z drift
s 1.5 - £
e Q. 1p-13 - SW
S S 5 T™W
3 5

1.0 -
:
- ]

0.5 - 1073 -

0-0 | - - | I I | | |

. . . . —80 —60 —40 -20 0 20 40
-100 —50 0 50 100
Z [cm] Z [cm]
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Dose calculated inside the Phantom

* This is the INTEGRATED dose profile along the beam < This is the DOSE MAP per particle beam inside the

axes, per particle beam inside the water phantom. water phantom. | _
ZX slice at y=0.00

le—9 10—0 E—]l'l MAX
N.B. This is useful 2.00
only to see the dose 1.5
= % distribution in that 175 =
O, region 50 %
q) i
G - 150 3
T 6; 2.5 5
3 = 125 8
= o c
0.0

8 < - 1.00 8
O 47 Re
2 2.5 @
O | - 075 4
a 0

2 —3.0 0.50

—1.5 0.25

0_
55'.0 57'.5 60:.0 62'.5 65'.0 67:’.5 70'.0 72'.5 75'.0 —]LOD |
65 G0 b5
Z [cm] Z [cm]
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Dose in Beam Stopper

Integrated dose along the beam axes (z) per particle beam inside the SiC beam stopper and W photon stopper.

le—11

Beam Stopper
SiC

region

Dose/beam particle [Gy]

N.B. This is useful
only to see the dose
distribution in that

| | | | | |

86 88 90 94 96 98

Z [cm]

100

ZX slice at y=0.05 —14
10.0 le—14 MAX

I5

5.0

2.5

—10. D

97.5 100.0
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Dose in Photon Stopper

Integrated dose along the beam axes (z) per particle beam inside the SiC beam stopper and W photon stopper.

ZX slice at y=0.00

le—11 10.0
. Photon Stopper MAX
W I.5
30 - N.B. This is useful
_ only to see the dose o
5’ distribution in that |
— 2.5 1 region
)
E 2.5
@ 2.0 -
o
E 0.0 4
©
D 15 -
O
D
8 —2.5
~ L0 -
-5.0
0.5 -
—7.5
0.0 - - -
110 112 114 116 118 120 100,

Z [cm]
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Dose evaluation for Radioprotection protocols

* For radioprotection protocols, the dose must be evaluated at specific points in the space surrounding the

accelerator.

40 cm t
40CM. § e CEIINGL e
Y
150 cm
Z
beam | ;llllllllllllllllllllll FHOT O
— Hillililllllllllll{llll-lllMIll-——* ﬁiiiiiiﬁ'iiiiiiiiiii —
120 cm
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Dose evaluation for Radioprotection protocols

* For radioprotection protocols, the dose must be evaluated at specific points in the space surrounding the
accelerator.

HOTOS |Z|
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Dose evaluation for Radioprotection protocols

 The cubic air volumes in which the dose is evaluated have dimensions of 5 - 5 - 5¢cm’
and are voxelized into 5 - 5 - 5bins.

* The dose of each volume was taken as the average of the doses of individual

bins, with an error given by the uncertainty on the mean. For each voxel, the
standard deviation is also reported.

Mean Dose [Gy/primary] Stdev [Gy/primary]

9073.10-'8+3.06. 1019 3.42-10718
72810718 +£3.28.107" 3.67-107'°
7.82-107°+£3.48.107" 3.89 . 10~!8
3.86- 1071 £2.27-107" .54 . 1018

TOTAL DOSE
RELEASE

O O W | >

With a statistics of 5 - 10° primary electrons
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Dose evaluation for Radioprotection protocols

* Jo evaluate the variation of dose with respect to spatial coordinates along the accelerator, the same air volumes were
replicated in the same directions as before, spaced 15 cm apart.

]

40 cm i
A0 e e GEILING
Y
150 cm
Z
m’ s II+IIIIIII+I+II[ I :::EE-:-E%:-EEE%EE-:—E:::: el
120 cm
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Dose evaluation for Radioprotection protocols

* Jo evaluate the variation of dose with respect to spatial coordinates along the accelerator, the same air volumes were
replicated in the same directions as before, spaced 15 cm apart.

X
\
Z

30cm }

_beam_ SHPLIFEEHITTTEREEEI LT LEEEE -===—=¢===-:-;=====;==========—=
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Dose evaluation for Radioprotection protocols

» The average dose values per primary electron (with associated error) are reported as a function of spatial
coordinates, for each direction.

le—17 B volumes

1.0 1

o
o

o
o

-
o
+

Mean Dose [Gy/primary]
-
-..,J
+
+

o
Ln

=

o
-
—_

=

(")
|
—-

| | I
—100 —75 —50 —25 0 25 50

Central z-coordinate of the volume [cm] /
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Dose evaluation for Radioprotection protocols

» The average dose values per primary electron (with associated error) are reported as a function of spatial
coordinates, for each direction.

le—18 D volumes

4.5

IS
(-
O
=

<»

W
n

W
-
|

Mean Dose [Gy/primary]

2.5 A

2.0 A

—100 —75 —50 —25 0 25 50 75 100
Central z-coordinate of the volume [cm]
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Dose evaluation for Radioprotection protocols

» The average dose values per primary electron (with associated error) are reported as a function of spatial
coordinates, for each direction.

le—17 A volumes

1.15 -

1.10 -

Mean Dose [Gy/primary]
H
-
Ln

1.00 A

0.95 -

| | | | | | |
-15 -10 -5 0 5 10 15
Central x-coordinate of the volume [cm]




Dose evaluation for Radioprotection protocols

* To understand which region of space is affected by scattered radiation flux, the crossing angles relative to the axis
of the photon and electron beam were evaluated along the entire accelerator.

0.009 :_ _: 102 0.02 — Ph t
O Photons - 0018E- el \(;VOhS | —1¢°
0.008| Stendig Wave region | - - raveling vave region |- =
- 0.016 — -
S 0.007 — 4 = - _
S - S, 0.014
- - — 10 2 B
> 0.006 — | =10 3 = .
9 — N g 0.012 - =
8 - - L - 7
w 0.005— o B
% — - = 0.01—
+ — )
2 0,004 . E -
g = 0.008 -
0.003 — 1 0.006 — | 10
0.002 0.004 — ,- i
0.001 E— 0.002 :_ > '.-_'..i-:.!'
() ST sl ' LYE T T ' OJ 05 | 1 | 1§ A 2 2.5 3” 1
0 0.5 1 1.5 2 2.5 - - -

theta [rad] theta [rad]
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Dose evaluation for Radioprotection protocols

* To understand which region of space is affected by scattered radiation flux, the crossing angles relative to the axis
of the photon and electron beam were evaluated along the entire accelerator.

— 0.03 B = 103
0.022F- Photons T - Photons | -
- E Phantom region| 0° - SiC region | -
0.02— = 0.025 — i
;0.018 - 1 5 i
©0.016— - 8002 :
R | > il
| m — = s

50.014 — X o —
q:) — v I.E |
w0.012— ’ ¢ _90.015 —
o - = -
jd —_ -
3 0011 E '
\¢ |

0.008 — 0.01—

0.006 — i

0.004 — 0.005 —

0.002 — B

00— L. . '3| Lo 00 ' | -
theta [rad] | theta [rad]
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Dose evaluation for Radioprotection protocols

* To understand which region of space is affected by scattered radiation flux, the crossing angles relative to the axis
of the photon and electron beam were evaluated along the entire accelerator.

0.03 _
i Photons 0.006
B W region | = 10° - Electrons 1+
- - E Stendig Wave region | -
0.025 - -
- - 0.005- N
. 1 <= F "
_ . > - )
> 0.02— S, 0.004—
2 - -;;; a — |
> - = et B —1 10
%0 015 : ; -
oL g o 0.003—
I . = -
= B c -
< 001~ 0.002—
B B 10™
0.005 0.001—
0 B J_Z'i".n e b L 'r.:,_!_"l:- o e T P A 0 o b b e b e b e ey |
0 0.5 1 15 2 25 0.5 1 1.5 2 2.5 3
theta [rad] theta [rad]
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Dose evaluation for Radioprotection protocols

* To understand which region of space is affected by scattered radiation flux, the crossing angles relative to the axis
of the photon and electron beam were evaluated along the entire accelerator.

0.031 - = =10
- Electrons ) 0.025= Electrons .
0025 Traveling Wave region _ - Phantom region -
B 0.02— =
— — 1 u
> 002 = - - iy
S, - -1 S u =
5 T 4B 0015 :
o o
I.I:J 0.015_ I.ICJ :
o - o i
2 0.01— - i 10”
0.005— 0.005—
0_ | 1 1 | | [ . =] o J =il dr iy | ¥ M LB I | e l P ] - | [ | 10_2 0_ [ KLY S | Pl s I | e e e A l D L e I [t K. T I S S R | 10—2
0 0.5 1 15 2 2.5 3 0 0.5 1 1.5 2 2.5 3
theta [rad] theta [rad]
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Dose evaluation for Radioprotection protocols

* To understand which region of space is affected by scattered radiation flux, the crossing angles relative to the axis

of the photon and electron beam were evaluated along the entire accelerator.

Kinetic Energy [GeV]
S
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| LS b by R ], l [ bl l L Tl | I Lmeley o, 5t | L4 |- | |
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1.5

2
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Dose evaluation for Radioprotection protocols

* To understand which region of space is affected by scattered radiation flux, the crossing angles relative to the axis

of the photon and electron beam were evaluated in the three different regions after the accelerator.
3

0.03 300 0.03[ x10
- Photons - Electrons | —{700
0.025_— in Phantom _1o5 0_025__ In Phantom
N e —{600
= 0.02E: —1200 3 0.02F% - — 500
S - ; 20.015 0
5 0015 150 0.
2 L 0
5 ;- 5 300
2 100 ¥ 0.01¢ -
A 200
e 3
_.I;-r. .':i. ..-
0.005F= -
>0 X 100
T T R R 0 0 0.5 1 5 2 2.5 3 O
theta [rad] theta [rad]
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Dose evaluation for Radioprotection protocols

* To understand which region of space is affected by scattered radiation flux, the crossing angles relative to the axis

of the photon and electron beam were evaluated in the three different regions after the accelerator.

0.03

0.025

Kinetic Energy [GeV]

0.005

0.015]

0.01]

Photons
in SIC

) T :i ':._. ';.:"'! -;-. il"::":'- b ::-I:':';lli-'. _-_ "

0.5 15 2 “ 3
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|
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Analysis of the FLUKA simulation:
DISPERSED FLUX back-scattered




Backscattered primaries

Inside a standing wave structure, approximately half of the particles within the first cell will experience a decelerating
electric field, causing these particles to be transported backward towards the cathode. It is not possible to access
the geometric and energetic information of these particles, but we know that they travel in the opposite direction to the

accelerated beam and that their energy distribution is, at most, that of the particles accelerated forward from the
second cavity onwards.

“Ea 2 o) Log Scale | 2 107 Log Scale
s | s
E. = c
\ Q 1072 3
O O 107°
107
S
Ntot e~ 2-10° | e ||
— = oo o e b R i N
- 1.5 0 01 02 03 04 05
N forward e 114625 6 [rad] Ekin [MeV]
N backscattered ¢ 85375 Angle and energy distributions of the particles accelerated

forward at the second cavity.
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FLUKA tracks

The majority of these electrons are absorbed by the materials composing the accelerator (copper and steel) and by

the cathode (barium). Some of them contribute to the scattered flux, which is evaluated around the accelerator, as
previously shown.

electrons photons
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Electrons propagated by FLUKA

O _
O I histogram
g error bar Log Scale
Q -
= E, .. =0.129 MeV
T
D
8 _
b
-
>
O
O
107°1
: The histograms are normalized to the number of
i particles simulated with FLUKA. These results indicate
the number and energy distribution of particles
- (electrons and photons) produced per beam particle.
| ] | | | ] ] | ] | ] |

0 01 02 03 04 05
Ekin [MeV]
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Photons propagated by FLUKA

@ :
O - histogram Log Scale
+— - error bar
8 -
= - E_ ..=0.116 MeV
m -
b
<
ﬂ -
-
>
3
107°F
I The histograms are normalized to the number of
i particles simulated with FLUKA. These results indicate
the number and energy distribution of particles
i (electrons and photons) produced per beam particle.
] ] ] |
0 0.2 0.4
Ekin [MeV]
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1st SHIELDING ATTEMPT




FLUKA geometry

* The full geometry (including materials) of the accelerator has been implemented in FLUKA.

Cathode i 2 cm LEAD
 (Ba) . . . . . . . . 1

Beam Stopper

15.5 cm . . . IR . / _

v ]
. |  RHOTO§ JO_CL‘“
10 cm 15.5cm ' | ' ' l ' AIR

l ! 10 cm 10 cm 10 cmn

YI ' Drift
> i antom (H20) (W)
Standing Traveling
Wave Wave
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FLUKA geometry

* The full geometry (including materials) of the accelerator has been implemented in FLUKA.

2cm LEAD

2 cm LEAD

2 cm LEAD \
2 cm LEAD

PET——




Dose evaluation for Radioprotection protocols

 The cubic air volumes in which the dose is evaluated have dimensions of 5 - 5 - 5¢cm’
and are voxelized into 5 - 5 - 5bins.

* The dose of each volume was taken as the average of the doses of individual
bins, with an error given by the uncertainty on the mean. For each voxel, the
standard deviation is also reported.

Mean Dose [Gy/primary] Stdev [Gy/primary]

3731078 +1.56 - 10~ 1.74 - 107"
1.66- 10718 +1.49. 107 1.67 - 1071
1.53-107% +1.19 - 107 1.33-10"18
5.65-107" +5.02-107% 562.10"19

TOTAL DOSE
RELEASE

O O W | >

With a statistics of 1 - 10’ primary electrons
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Dose evaluation for Radioprotection protocols

TOTAL DOSE RELEASE WITHOUT

Mean Dose [Gy/primary]

Stdev [Gy/primary]

SHIELDING | A 073 10-15 3 06 . 1019 340 . 1018
B 7.28 1071 +3.28. 107 3.67-10718
.

. l ] ‘ C 7.82-1071%+348-107"7 | 3.89.1078
D-soffitto | 3.86-107'°+227.107" 2.54 . 1018

o D(S)I%‘I’FEEE:-I\IIEQ >E T Mean Dose [Gy/primary] Stdev [Gy/primary]
. ' A 3.73-107%+£1.56 - 10~ 1.74 - 1071
/ / B 1.66- 1078+ 1.49 . 1071 1.67 - 10718
.l C 1.53-107" +1.19- 1077 1.33-107'8
\ D-soffitto 5.65-10712+5.02.-107% 562.10"19

2cm LEAD \
2cm LEAD
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Dose evaluation for Radioprotection protocols

» The average dose values per primary electron (with associated error) are reported as a function of spatial
coordinates, for each direction.

le—18 B Volumes

2.4 -

2.2 -

WLE

Mean Dose [Gy/primary]
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+
—.—
_._

iR EEEE SRS R EEEESRER ST T T

—100 —75 —50 —25 0 25 50 75 100
Central z-coordinate of the volume [cm]
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Dose evaluation for Radioprotection protocols

» The average dose values per primary electron (with associated error) are reported as a function of spatial
coordinates, for each direction.

. D Volumes

H
-
+
_._
»

0
3

+*

Mean Dose [Gy/primary]
=
oo

0.4 1

-100 =75 -50 —-25 0 25 50 75 100
Central z-coordinate of the volume [cm]
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Dose evaluation for Radioprotection protocols

» The average dose values per primary electron (with associated error) are reported as a function of spatial
coordinates, for each direction.

le_18 A Volumes

4.6 -

441 @&
E
E
£
5 42-
=
=
: :
L 4.0
=
4y
L
=

3.8 -

-
3.6 -
-15  -10 -5 0 5 10 15

Central x-coordinate of the volume [cm]




2nd SHIELDING ATTEMPT




FLUKA geometry

* The full geometry (including materials) of the accelerator has been implemented in FLUKA.

Cathode 1 Beam Stopper
 (Ba) . . . . . . . . 1 | (SiC)
15.5 cm , | . . IR
- Y duoros 10 cm
0 e {EEam . . . . l ' I AIR I
| | 10 cm 10 cm 10 cmn
A Drift l
| | | . | | . | . | | | | i | oh Photon Stopper
> antom (H20) (W)
Standing Traveling
Wave Wave
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FLUKA geometry

* The full geometry (including materials) of the accelerator has been implemented in FLUKA.
2 cm LEAD

\ 2cm LEAD
PET——




Dose evaluation for Radioprotection protocols

 The cubic air volumes in which the dose is evaluated have dimensions of 5 - 5 - 5¢cm’
and are voxelized into 5 - 5 - 5bins.

* The dose of each volume was taken as the average of the doses of individual
bins, with an error given by the uncertainty on the mean. For each voxel, the
standard deviation is also reported.

Mean Dose [Gy/primary] Stdev [Gy/primary]

35510718+ 1.57-1071° 1.75-107"%
1.98-10718+1.43.1071° 1.60 - 10718
1.89-107%+1.29- 107" 1.45 - 1018
528-1077 +4.86- 107 543 .10"19

TOTAL DOSE
RELEASE

O O W | >

With a statistics of 1 - 10’ primary electrons
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Dose evaluation for Radioprotection protocols

TOTAL DOSE RELEASE WITHOUT
SHIELDING

Mean Dose [Gy/primary]

Stdev [Gy/primary]

1‘ A 9073.10-18 +3.06. 109 3.42.10718
B 72810718 +£3.28. 1071 3.67-1071°
___fHORGE
- l ] C 7.82-107'8+3.48. 1071 389 . 1018
D-soffitto | 3.86-107'°+227.107" 2.54 . 1018
o D(s)ﬁFEEE:-l\IJEé >E Mean Dose [Gy/primary] | Stdev [Gy/primary]

A 3.55- 1078+ 1.57- 10717 1.75 - 107

| - / B 1.98- 10718+ 1.43.1071 1.60 - 10718
i Ly .l C 1.89 - 10718+ 1.29- 107" 1.45. 1018
f D 5.28-10719+4.86- 10720 543 .10"19

\ 2cm LEAD




Dose evaluation for Radioprotection protocols

» The average dose values per primary electron (with associated error) are reported as a function of spatial
coordinates, for each direction.

le—18 B Volumes
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Dose evaluation for Radioprotection protocols

» The average dose values per primary electron (with associated error) are reported as a function of spatial
coordinates, for each direction.

le—18 D Volumes
1.1 1
1.0 - ? E 40
cm ,‘(
0.9 i T 40 - S

cm Y t
150

Mean Dose [Gy/primary]
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Central z-coordinate of the volume [cm]

Angelica De Gregorio | I




Dose evaluation for Radioprotection protocols

» The average dose values per primary electron (with associated error) are reported as a function of spatial
coordinates, for each direction.

le—18 A Volumes
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3rd SHIELDING ATTEMPT




FLUKA geometry

* The full geometry (including materials) of the accelerator has been implemented in FLUKA.

Beam Stopper

Cathode
. (Ba)
15.5 cm , | . IR . _ |
| S S S
= | _fheres 10 cm
0 e {EEam . . _ . l ' I AIR I
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| | | . | | . | . | | . | i | oh Photon Stopper
> i antom (H20) (W)
Standing Traveling
Wave Wave
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FLUKA geometry

* The full geometry (including materials) of the accelerator has been implemented in FLUKA.

4 cm LEAD

4 cm LEAD

\‘ 4 cm LEAD \ 4 cm LEAD
PET——




Dose evaluation for Radioprotection protocols

 The cubic air volumes in which the dose is evaluated have dimensions of 5 - 5 - 5¢cm’
and are voxelized into 5 - 5 - 5bins.

* The dose of each volume was taken as the average of the doses of individual
bins, with an error given by the uncertainty on the mean. For each voxel, the
standard deviation is also reported.

Mean Dose [Gy/primary] Stdev [Gy/primary]

37510718 +1.76 - 10~19 1.97 107"
5.99.10"1°+7.61 - 102 8.51-107"
8.49-10719+9.31 .10 1.04 - 10718
34810719 +£4.63 . 1072 5.18 - 1071

TOTAL DOSE
RELEASE

O O W | >

With a statistics of 1 - 10’ primary electrons
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Dose evaluation for Radioprotection protocols

TOTAL DOSE RELEASE WITHOUT
SHIELDING

Mean Dose [Gy/primary]

Stdev [Gy/primary]

1‘ A 9073.10-18 +3.06. 109 3.42.10718
B 7.28 10718 +3.28.107" 3.67 - 1071
___pHOTeY

. l ] ‘ C 7.82-10718£3.48.1071 389 . 1018
D-soffitto | 3.86-107'°+227.107" 2.54 . 1018

o Dgﬁfefgfﬁé o Mean Dose [Gy/primary] | Stdev [Gy/primary]
A 37510718+ 1.76 - 1071 1.97 107"
L - / B 5.99.10"°+7.61-10720 8.51-1071°
e ) W O e 59 0P 2931 107 | Lot 10
i D 348-10719+463.102° | 51810719

\ 2cm LEAD




Dose evaluation for Radioprotection protocols

» The average dose values per primary electron (with associated error) are reported as a function of spatial
coordinates, for each direction.

Mean Dose [Gy/primary]

2.0 ~

1.8 4

1.6

le—18 B Volumes
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Central z-coordinate of the volume [cm]
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Dose evaluation for Radioprotection protocols

» The average dose values per primary electron (with associated error) are reported as a function of spatial
coordinates, for each direction.

le—19 D Volumes
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Dose evaluation for Radioprotection protocols

» The average dose values per primary electron (with associated error) are reported as a function of spatial
coordinates, for each direction.

le_18 A Volumes
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Spare slides




Backscattered primaries

Inside a standing wave structure, approximately half of the particles within the first cell will experience a decelerating
electric field, causing these particles to be transported backward towards the cathode. It is not possible to access
the geometric and energetic information of these particles, but we know that they travel in the opposite direction to the
accelerated beam and that their energy distribution is, at most, that of the particles accelerated forward from the
second cavity onwards.

5 - S5 42l
% : Log Scale % < 10 Log Scale
€ 103k Energy distributions of the particles £ |
o accelerated forward at the first 3 |
© cavity (where we still have the © 10
: information about all the particles).
107
ﬁ 107
Energy distributions of the particles
107 accelerated forward at the second
cavity (where only the forward 10 f
particles are present). R R ¥
0 0.01 0.02 0 0.1 0.2 0.3 0.4 0.5
Ekin [MeV] Ekin [MeV]
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Input file: from Parmela to FLUKA

Distribution in x of all particles read from Distribution in x of all particles exiting
the output file of Parmela. the accelerator.
x10°
w 250 o u
e _ = 800
D B 0 —
u 700 —
200 |— -
- 600 —
150 — 500 —
i 400
100 — n
B 300 —
B 200 -
50 -
B 100 —
0_|IIII L 01__|||||||||[LL"L|L""\‘-'WV|||||||||||nr\lv~'7""7‘y[]|||||||||
- 1 1 8 06 -04 02 O 02 04 06 08

X [em] | X [ecm]

Note: The radius of the standing wave structure is different
from the traveling wave one, so we have 2 different cylinders.
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Input file: from Parmela to FLUKA

Distribution in y of gll particles read from Distribution in y of all particles exiting
3 the output file of Parmela. the accelerator.
2 250’_‘10 F =
= B S 800—
LL | L —
200 700 —
B 600 —
150 [ 500 —
B 400 —
100 — -
B 300 —
sol 200 —
- 100 —
0_"'|"'|" VIR B I R 0|:||||||||[Lln“|“'ud“-"¢-|r"||||||||||||‘HMP‘|IJ]|||1|||1|
-0.8 6 -04 02 O 02 04 06 08 1 08 06 -04 -02 0 02 04 06 08
Y [cm] Y [cm]

Note: The radius of the standing wave structure is different
from the traveling wave one, so we have 2 different cylinders.
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