RADIOBIOLOGICAL RESEARCH WITH CHARGED
PARTICLES BEAMS IN ITEP

Nikolay Markov
markov(@itep.ru
hitp.//plasma.itep.ru/

ITEP RUPAC-2014 Nikolay Markov ~ 08.102014 1


mailto:markov@itep.ru
mailto:markov@itep.ru
mailto:markov@itep.ru
mailto:markov@itep.ru

Motivation: Heavy Ion Therapy

Biological Advantages of high LET RT
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Motivation: Radiobiology for Space Research
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3. Trapped Radiation - medium energy protons and electrons
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Heavy ions for radiobiology in ITEP
ITEP TWAC accelerator facility

Accelerator-storage ring U10 (34 T m)

12 proton mJector (25 MeV)

Internal target beams
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Beam parameters

Ton 1206+ S6F 26+
Energy 215 MeV/amu 230 MeV/amu
Particles per pulse 106 -10° 106 - 108
Pulse width 800 ns 800 ns

Results of beam dynamic calculation with
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Particles measurements

Fast current transformer FCT-082 (Bergoz)

0.08

0.07

0.06

-
o o
(@) e}
M~ t

Output signal,
(-}
&

Sensitivity 5V/A

Rise time 500 ps
Droop <20 %/mks
Upper cutoff frequency -3dB | 700 MHz
Lower cutoff frequency -3dB | <32 kHz
L/R time constant (min.) 5 mks

Signal from current transformer

T

: I : I : I :
— FCT 1

— Baseline |

— Baseline subtrac. [

__________

__________

in(t)

Numerical calculation of FCT signal

0.08

i uideal(t)

0.07

0.06

Umodel (t>

~| = y(t) (Baseline) [

V
=
o
St

o

o

=
T

_____

Output signal,
(-}
&

1
I — =
[ m<p+%>)

Nt
0.01 L\ S T
0.00 E \\'\ e
0.0 02 04 06 08 1.0 12 14
Time, mks
1. Beam pulse function 2. FCT transfer function
alcos(bt)? —1)2 te[0,2] G(p)=5——F=5
' b p+%d
0 t ¢ 10,7]

3. FCT output signal

0.02 /
L /
R o IR IO B w2 4. Relative error Total relative error in
00 02 04 06 08 10 12 14 16 number of particles per
~ model (t) — y(t))dt
Time, mks op = f(u d l( ) y( )) 1) -100% =—> Ise:
fuideal(t) pu . ON S 35%
ITEP RuPAC-2014 Nikolay Markov ~ 08.10.2014 6



SSD dose rate linearity in entrance region

Depth-dose curve measurements

5HO O SSD, exp.
— Linear fit | D
Silicon Semiconductor Detector (SSD) T ]
4
IL/ - - ( o e |
— : ~
3
Parameters of SSD used 1n exp. = ]
100 um | | 15um Lg
Detector type Hi-p-type = 2
.20 |
Thickness of Si plate 0.2 mm . 1
Thickness of sensitive layer | 15 mkm -
Sensitive arca 1x1 mm? —f— | : :
0.0 0.5 1.0 L5 2.0
Particles per pulse, cm™? X107
Depth-dose curve measured with SSD Results of SHIELD - HIT calculation
| I | I | I | I I I I I I I | I | I | I | I | I | I I I I I
| | | | z | | z L
TH 20, F—199 MeV /amu T4~ TH 20, E-199 MeV /amu ; Hat—
Ll & & ssDexp. | TR 6| —  Water, SHIELD-HIT [[ [ [ X[
S S el Sl s Kol Bl Bl e i et ol Sl Sl e & B | ¢ ¢ SSD, SHIELD-HIT [}-:- -]
2 I I I I I I I I [©) I 2 I I
:‘j 5 | | | | | | | | @ | ﬁ 5 | | | | | | | |
- | L l _1 I | I !_ 1|——-—+©———: g L —-:——HI |7 1 1 |7 1 __:7
; 4 Hssp =6.17%0 D | =4 | Huwater =0.08, Zmaz, ., —89.00 !
= L T T ] - =L | Hgsp —6.11, Zmangs, —85.50
3 L RN RRE RS e
O - r-r-T7T~-T~™ I B -7 O - rr - T~ - T~ L R L R O Y A A B I - ]
SERNRREE | So s
[$0464.64 B e LN
] e ) I O N S RN B B e
0 10 20 30 40 50 60 70 80 90 0 10 20 30 40 50 60 70 80 90
Depth in water, mm Depth in water, mm

59 1TEP RuPAC-2014 Nikolay Markov ~ 08.10.2014 7



Absorbed dose determination

2. Position of the Bragg peak
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Radiochromic Film Dosimetry netOD = ODyy — ODypry —
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films

-dose curve measurements with rad
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Radiobiological experiments “in vitro” with 12C ions

Human peripheral blood lymphocytes. For irradiation cells were placed in tubes
A (eppendorf 5 ml). Chromosome aberrations were analyzed in metaphases 48h after
radiation exposure.

Breast cancer cell line Cal51 with normal karyotype. For irradiation cells were
B grown as monolayer and placed in 12.5 cm? culture flasks. After irradiation
chromosome aberration were analyzed

Chinese hamster ovary cells CHO-KI1. For irradiation cells were grown as
C monolayer and placed in 12.5 and 25 cm? culture flasks. After irradiation cell
survival was measured with a colony assay.

Melanoma B16F10 cells. For irradiation cells were grown as monolayer and
D placed in 25 cm? culture flasks. After irradiation cell survival was measured
with a colony assay.

9‘ CD D l

x

0 20 40 60 80 100 120 140
Depth in water, mm
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Methods of analysis

1. Analysis of chromosome aberration

.
PO I T I TInini . : Centr%crlng _
LU LRI Normal | Chromatid Chfromosoine Ac§ntr1c with Translocation
) break ragmen ring fragment
DA uv
fiatic l Dimer | H u
] ! I e
JJ,,IA.IJ,I.I.I.I-I.I-I-LI.I-L-LA“ v : @D -

[Sinal p | Bas L | [ Base P' dificatio Chromatid exchange Dicentric with fragment Reciprocal exchange
|Single Stran se

Break

2. Cell survival based on a colony assay

A cell 1s considered surviving after exposure, 1f
it forms a colony consisting of more than 50
cells. Cell survival was determined as follows:

Ncol
» (Ncells X (PE/IOO))

seed ; &0
dishes e

no. cells seeded: 1,000 10,000
X ray dose: 4 Gy J{G Gy
N\ N\ 4 \\ %

incubate 1-2 weeks ]

0@0

plating efficiency: 90%
surviving fraction: —_ 0.2 .04 .005

no. colonies counted:
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Results of CHO-K1 and Cal51 cells irradiation
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Summary of radiobiological experiments “in vitro”

Depth 1n Dose ran
Cell type water eq., | LET, kev/mkm OseG 8% | RBE (X-ray) RBE (60Co)
mm Y
1 | Lymphocyte 0 16 0-8 1.53 +£0.11 1.77 4+ 0.13
0 16 0-4 - 2.02+0.11
2 Cal51
82 40 0-4 - 3.63 £0.16
23 20 0-10 - 1.45+0.12
3 B16F10
85 44 0-8 - 246 +0.15
0 16 0-8 1.65+0.11 -
4 [ CHO-KI
82 40 0-5 2.27+40.13 -
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Radiobiological experiments “in vivo”

Structure of the ridge filter : o
by g Spread out Bragg Peak Results of mouse 1rradiation
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Irradiation of mice (C57bl/6)with R
inoculated B16F10 cells .”
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10 20 30 Days after irradiation
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Further radiobiological research in ITEP

USB

Proton linear accelerator I-2

Max. Energy, MeV 22.5
Pulse width, mks 2-30 —

Mazx. field size, mm

Ethernet
I
-
8 ; [-X-T--] Ethernet
AbC

[
>

Range in water, mm ~ 5
Min. LET, keV/mkm 2.4

Particles per pulse, protons/cm? | 107 - 10!! &r
I

1. RBE of low energy protons
2. Bystander effect
3. Micro-beams (single cell - single particle)
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