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At the end of this section you will be
able to discuss the basic concepts of

5:%0)& /S\Cﬁﬁ ¥ how charged particles behave in a
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magnetic field.




Basic Concepts

O—L >\
Wish = BE) I DaBhl (&, TODIRE EiZOm A (CEER AR
hz=5X3,
B EFEDEA
. 2 QR R ® 5" & (CBE LT OEa
R @ ® ® ®
F = q(¥ x B) ® ® ® ® ® ,
R RO R ® ) B
R  ® @ ®

4 OElektCI

© 2019 Elekta all rights reserved. Confidential and proprietary information.



Basic Concepts
O—L >V
No Magnetic Field 1.5 T Magnetic Field
BT () (FBEL L 3.

2L, ENSOEEEO—L >V HOF
27 RT D,

o
B ©
F

CDEHRTHIZEE S SDOAMICEVNTULETH ?

5 OElektCI

© 2019 Elekta all rights reserved. Confidential and proprietary information.



Basic Concepts 18
S mE 1
14
[E#R#4% 7, (in the absence of .
scattering) (FRDEAEN: E 12
o 10
. BSOS B E
2
. HR(CEERAEOBTRE v, S
Q)
4
_Ymgov, , y o« Ej
Ty = 9B v~constant for large Ej
0
0 1 2 3 4 5 6 7
Electron Kinetic Energy (MeV)
[perpendicular to the magnetic field]
6 OElektO

© 2019 Elekta all rights reserved. Confidential and proprietary information.



Basic Concepts
5T DN /SN\EBH

A E/EFRI DB F RS (SRS T TR
3.

BEFHE ésaﬁmz/ﬁo TRANSHEBICEE
I BIHEE. COREIIRAERBDREID
ESLOEFERIBLIDEEL RS,

TOfER. BFORRIZEEHE (IHIEA TRk
ERCE

7 (HElekta

© 2019 Elekta all rights reserved. Confidential and proprietary information.



4

v

BTEA

U_UI

R e 7310

tE73 [ ODRRE T3

A5 B e

Relative Energy Loss
o
(8)]

—Electrons, No Magnet

—Electrons, With Magnet

At the end of this section you will be able
to discuss how the magnetic field affects
the dose distribution.
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Hackett et al. (2018) Phys. Med. Biol. 63 (9)

10 OElektG

© 2019 Elekta all rights reserved. Confidential and proprietary information.



REDD

IREDTR e 1.2

—Photons (Kerma)

HF(IEEZTZITIRN,
(D= EZEZEEZNIRL, )

o
o

BT OHENE< R E. SR
H—<HHRCIF D <,

elative value
o
()]

. dmaxELDEVESICS T NTB, T 04

o dmax COFEENMENNT B, 0.2

0.0
0 5 10 15 20 25 30

Depth (cm)

11 OElektG

© 2019 Elekta all rights reserved. Confidential and proprietary information.



PREDD

REbR e H 703K

PDDAM#EE (C K> TRHA I B
ZNiE. ESTOEREN DI O

ZiIBIEITT. E£ICdmaxTD
R MMEIT B8,

12

100%

80%

60%

40%

Percentage Depth Dose

20%

0%

© 2019 Elekta all rights reserved. Confidential and proprietary information.

15
Depth (cm)

—With Magnet

—Without Magnet

20 25 30
(HElekta



=t
o

REDD

—t

~J

L I L1 1
|

ERAHREIR :

- No Magnetic Field
dmax(dBHZAT(E, BREIEFDOARS 1.6- -
S(CRBDZABIFN=0N, ]

—
i
| I L
I

Nk, EJLRIZw THEIE(ICHUN
TEFEADZEFHRWZSD,

=
I
| I | | |
|

=
(9]
N B A
]
|
I

—

M
L

=
I

Depth of maximum dose (cm)

1.5 T Magnetic Field

—
=

o L1l

w1 -

T T I T T T T T T T

10 15 20 25
Field Size (cm)
O’Brien et al. (2017) Med. Phys. 45(2) 884-897

13 OElektO

© 2019 Elekta all rights reserved. Confidential and proprietary information.




REDD

BF(EO-L2YHNOE<AEICEDD TRE SN D,
CNUSEKD. FREDMHIEMGIRTIRD.

Monaco DiEt&E
3x3cm &£10x10 cm

14 OElektG

© 2019 Elekta all rights reserved. Confidential and proprietary information.



PRED T
RS IR STE

10 x 10 cm220O0XTJL—>70O77
<)L (IEC XATm)

« Unity(Z(EF-YAMIC1.5TDOWIEN D
Do

- O—L>WYHIEEFZEFAMEICH
mctEd (+ X) o

- FEISEEIMMEZERE T,
- JOJ7AI)L%=E#1.5mm> 7
NUZET*
* 50%DFFERA > bOFEHNSHIE

15 OElektO

© 2019 Elekta all rights reserved. Confidential and proprietary information.



tRE T —oni
A mOREDT - /\EREIEY

= 10x10_B 0.0T at 10cm
== 10x10_B 1.5T at 10cm

o
wm
i

o FEMIREL. NSTRERGIEF T
ROEE(CIRD,

0.6 4

- E—TREEEIMNIRD,

o L ICERELEIFET
DREEMEN' DD,

o
=

Normalized to dose at the central point

=
b

0.0

-80 -60 -40 -20 0 20 a0 60 80
Distance .
16 U Elekta

© 2019 Elekta all rights reserved. Confidential and proprietary information.



REESEI(CDUNT

17 OElektO

© 2019 Elekta all rights reserved. Confidential and proprietary information.



REDD

AN E - Electron Return Effect

BT BN SEEDEVRIDIKICRET S &, )L—T) Vo L TRAIDIAICEUASE
FOENENT B,

2EHDOEARDOEENRAIDEAEI D EEDNTENGES. RIBFODHENZLIEDEEEND D

CN . BEAENSEEARNDIERE COFEEIER(CENSD, UL, Electron Return Effect
(ERE) &M (INS.

18

(HElekta
© 2019 Elekta all rights reserved. Confidential and proprietary information.



%:?Eﬁ’fﬁ

Nar=
EREDFERISLUTDED £125:

- BEENSEEEICRITID
BRDRY R ARy
(5« B/ 22 1=57m)

« KEBEHNSEEEICKITID
BROI—)L RARwY b~
(5 : ZES/#BME  1R5RmE)

o E—-LNWZERETIHMEREEM

HHCHBEZEOHROFFETD
Ry RRwY

19

Dose per particle (Gy)

2.5

0.5

— Electron Return Effect

% 10712

T T
Geant4: Dotted
GPUMCD: Solid

Water Lung Water
0 20 40 60 80 100 120 140 160 180 200
Depth in phantom (mm)
Ahmad et al., Med. Phys. 2016 43(2), 894-907
(HElekta

© 2019 Elekta all rights reserved. Confidential and proprietary information.



Detector Effects
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At the end of this section you will be
able to discuss how the magnetic
fields affects commonly used
detectors.
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O'Brien et al. (2016) Med. Phys. 43(8), 4915-4927
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Detector Effects
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Figure 8. Schematic of the electron tracks depending on their own energy and the external
magnetic field. Configuration I: (a) 1 MeV, schematic of the electron tracks at 0 1 and 2 T,
(b) 6 MeV, schematic of the electron tracks at0 1 and 2 T.

Meijsing et al. (2016) Med. Phys. 43(8), 4915-4927
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Detector Effects
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Detector Effects
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Detector Effects
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Detector Effects
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Recommended reading:
« Smit et al. (2014) Performance of a multi-axis ionization chamber array in a 1.5 T magnetic field. Phys. Med. Biol.
59(7), 1845-55

« Gargett et al. (2015) Monte Carlo simulation of the dose response of a novel 2D silicon diode array for use in hybrid
MRI-LINAC systems. Med. Phys. 42(2), 856-65

« Houweling et al. (2016) Performance of a cylindrical diode array for use in a 1.5 T MR-linac. Phys. Med. Biol. 61(3),
N80-N89

« Ellefson et al. (2017) An analysis of the ArcCHECK-MR diode array's performance for ViewRay quality assurance. J
Appl Clin Med Phys 18(4), 161-171
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Reynoso et al., Med. Phys. 43(12), 6552-6556 (2016).
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