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Introduction

Silicon detectors and TEPCs are often used to
describe the radiation field onboard aircrafts

and spacecrafts (MIR, ISS, Chandrayaanl,
Foton)

Goals

> to describe the potential of silicon detector Liulin

and TEPC Hawk for measurement of low and high
LET ions

> To compare LET spectra measured with Liulin and

Hawk, and calculated with PHITS for several HIMAC
beams

> To explore the capability of Liulin and Hawk to
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Introduction

* We expose Hawk and several types of Liulins in
several HIMAC beams, measured spectra differ,
the reasons are:

> “Not perfect” calibration of Liulins for heavy ions
> Different thicknesses in front of active volumes
* Obijectives
> Fluence and absorbed dose evaluation
o Calculation of the real energy in HIMAC BIO
> Recalibration of Liulins

o Study of influence of different thicknesses and
materials in front of silicon detectors

o Comparison of LET spectra measured with silicon
detectors and TEPC and calculated with PHITS




" HIMAC

\

* HIMAC — Heavy lon Medical Accelerator in
Chiba

° Three irradiation rooms for experiments: (i) General

| 5th WRMISS, Roma, 7-9 September 2010 4



/i HIMAC BIO

.© Advantage: > Disadvantage:
- Bragg curve is well defined Beam goes through scatter
Broad parallel beam (¢ filter (different for different
|0cm) ions) and over 7m of air

° lon+nominal energy in MeV/u:
He 150, C 135, C 290, C
400, Si 490, Ne 400, Fe 500

> Measurements performed
behind different thicknesses
of PMMA filters

9 filters are available (in mm):
05, 1,2,4,8, 16, 32, 64, 128




Measured and calculated Bragg curves
* Measurement with Markus
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@ge and energy of beams in HIMAC BIO

\

He

Ne

Si

Nominal
energy /
(MeV/u)

150

135

290

400

400

490

Range in PMMA

Measured
with IC

12.63

2.73

12.83

22.23

12.48

11.88

Differences in range <2 mm and in energies 2%

Calculated
with PHITS

12.58

2.91

12.61

22.01

12.48

11.77

Beam energy in front of PMMA

filters / (MeV/u)

145.35

112.54

274.43

382.85

370.05

445.68
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Materials and Methods: Liulin

> Energy deposition spectrometer

(0]

Active volume: silicon diode
(2 x | x 0.03 cm?) MDU | and MDU 2

Size: 98x65%25 mm?3 (MDUO0I&02)
103% 103x47 mm? (MDUO07)

Fluence, absorbed dose

o

o

(0]

Dose equivalent (Kubancak)

Silicon diode + A
epoxy resin+ ceramic Copper desks



Materials and Methods: Hawk
Tissue equivalent proportional counter (TEPC)

Active volume: propane gas housing in the Al50 sphere
(12.5cm in diameter)

Size: stainless steel and aluminum cylinder:
|5.5cm diameter, 33cm long -

Batteries
Number of events, absorbed dose,

dose equivalent, lineal energy (y) spectra

Active
volume

Stainless
steel
cylinder
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Particle fluence estimated with Liulin and Hawk

Broad parallel beam: * N ... number of events

O = N * a...area of entrance surface
a of the active volume
78.5cm? Liulin: a=2cm?
— HIMAC
— beam
— $l10em —=

TR Y4 A0

wo|



Particle fluence estimated with Liulin and Hawk

* Isotropic radiation field: 2. ;1i... sum of all chord lengths

DO = 12 | — N -| _ N inside the active volume V
V i V A/4 o1 =) 1;/N.. mean chord length

e A ... area of the body’s surface

I‘ 4V / A ... came from The Cauchy’s Mean Value Theorem,
— valid for convex objects in isotropic radiation field

| D/em?

Isotropic r.f. Parallel beam
Liulin ~ N/ 1.045 N /2
Hawk N/ 122.7 N /78.5

Values were verified with PHITS
in a simple isotropic radiation field




/ Comparison of two identical Liulins

\ MDU |  Front aluminum cover
\

removed from both Liulins
* PE desk removed from MDU
I

180

C 400 MeV/u

160

MDU 2

140

120

Beam: C 400 MeV/u g 100

PMMA.: s L

0.0 mm 20
86.0 mm 20 N -
178.5 mm ° | | | N

0 50 100 150 200 250
2085 mm Thickness of PMMA filters / mm
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ldentical Liulins in C 400MeV/u
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Recalibration of Liulin using PHITS

File = C400mdu0.dat

[t-deposit] in region mesh

Date = 03:57 18-Aug-2010
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Recalibration of Liulin using PHITS

e Gaussian fits of all peaks (primary C, fragments)
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Sigma: 14434 |Sigma: 617857

IHeight: ?_001?8?43 Height: 0.00160616
Mean’ 114837 T e
Sigma:  2.70893 ; RERRLREETN
Height: 0.00161644 ! '

_[Mean. 900668
sigma: 6.01417| '
rMGaﬂ 11814?’ He'ght 00,0111?32 -\1-_"-—§
Sigma: 3.50341 : '
Height: 0.00136537

oo Mean: 139.592 BRI -

; Sigma: 59558
Sioiean
CoMean: eiont 0 000713952
ElSigma: e Tus A0y

AN\ [Heignt 7 5039e-05he-05
e A 17
Mean: 53 5563k =EsE K
Sigma: 10.2932) qgag| T 86.0 mm
D leight 2.56706e-05f5, o SRl

4 \\%_Sigma: 776219
T e Height: 0.000449417

[75.5 mm

208.5 mm

I 5th WRMISS, Roma, 7-9 September 2010 I5




300

250

N
o
o

ADC channel number
= =
o o
o o

Ul
o

MDU 1 (no Al, no PE)

250
¢ Energy deposition / MeV
—linearfit / 200
(]
E
y=13.465x-0.4254 / £ 150
]
c
c
2100
(&)
o
=
50
/ . . 0

5 10

15 20

Energy deposition / MeV

MDU 2 (no Al)

Recalibration of Liulin using PHITS

¢ Energy deposition / MeV

— linear fit

e

y=12.713x+0.2618

/

5 10 15
Energy deposition / MeV

20



Relative number of events

Relative number of events
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' Comparison of Liulin spectra with PHITS
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> MDU | and
< MDU 2 anc
> MDU 7 and

Influence of different thicknessesgs

MDU 2 in Hel50 MeV/u .

MDU 7 in Ne400 MeV/u
Hawk in CI|35 MeV/u

Thicknesses | Water equivalent PMMA
Device
/ mm / mm equivalent / mm

Epoxy, Cu, Al 0.3, 0.07, 0.12, 0.35+ 0.63+ 0.32

R PE, 1.2, +1.12+ =3.23
MDU 2 Epoxy, Cu, Al, 0.3, 0.07, 0.12, 0.35+ O.6_3+ 0.32 1.76
+ =2.11
0.3, 0.07, 0.12, 0.35+ 0.63+ 0.32
MDU 7 Epoxy, Cu, Al, N — 6.70 5.59
AI150, 2.1- 34, 2.37—- 3.84,

Hawk stainless steel 1.2 -1.5 8.0 -10.53 9.97 - 13.73
— HIMAC ——, —/ < 11.97 - 16.47
= beam :ié <
= ¢l0cm —




Influence of different thicknesses
° MDU I. ancj MDU 2 in He 150 MeV/u
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/ Influence of different thicknesses:

e MDU 2 and MDU 7 in Ne 400 MeV/u
> PMMA:

© 0.0 mm

1.0 mm

* 51.5mm

180

Ne 400 MeV/u
160

140

120

& 100
3

o 80
60 / ]
40 —
20 g

0

MDU 7

0 20 40 60 80 100 120 140
Thickness of PMMA filters / mm
| 5th WRMISS, Roma, 7-9 September 2010 22



MDU 2 and MDU 7 in Ne 400 MeV/u
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Geometry of Hawk in BIO with PHITS

Stainless
steel
cylinder
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/ Comparison of LET spectra measured
\ with Liulin and Hawk

. . Ener
i . Calculation of LET in water

> Liulin: L, =1.2x Ly x v, LSi:j, d =300zm

/" Psi \

Si to water coefficient: from L Densities of Thickness of Si
ICCHIBAN, verified with PHITS SEIISCTL

Came from Cauchy’s

We suppose that Mean chord length Mean Value Theorem

LET in water is equal

to lineal energy A and V are surface area and
volume, respectively, of the
tissue equivalent sphere of 2um

in diameter
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Si to water conversion coefficients

File = C135mdu_0a.dat [t-deposi] in region mesh Dato = 07:16 19-A[File = C135mdu_let_0.daf [t-let] in region mesh Dafe = 07:16 19-Aug-2010
no.= 1, reg = 25 vol = 1.0000E:+00 [cm?] no.= 1, reg = 14 vol = 1.0000E+00 [om?]
A N N L U U I N I L Y N N N B B I B
L 4 1072
10° | = __10°

- : 8 10

— B T 3 Fy

3 T 1 [— al 2 10° f — all

2 107 g4 [ t-¢C E -8 D | t-¢C

N ] r—s sr o
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E 10° 4 Li T0° f o b 7
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| ] E ok Ll g

10 i : o kb
il - w02 Gt :
0 0 10 20 30
Deposit Energy [MeV] LET [keV/um]
plotted by ANGgL 4.35 calculated by PHI|plotted by ANGgL 4.35 calculated by PHITS 2.15

: e Liulin LET spectra calculated with PHITS,
Nenergy / Si to water conv. (C 135 MeV/u, Omm of PMMA)

(MeV/u) coefficient . e
e Water was used instead of Si-diode!
He 150 1.36
C 135 1.23
C 290 1.26
C 400 1.24

Ne 400 1.24



Comparison of LET spectra
measured with Liulin and Hawk
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Conclusions

Estimation of fluence with Liulin is different for different
angular distribution of radiation field

To measure heavy ions with Liulin correctly, the re-calibration
should be done separately for each device, thickness of
materials in front of active volume must be taken into account

Liulin is capable to detect fragments; the difference between
measured and calculated energy deposition spectra in peaks
can be important, more research on this topic is in process

Fragments were not recognized with Hawk

Si to water conversion coefficient estimated using PHITS code
differ (1.24 — 1.36)

Good agreement in the peak position of LET spectra measured
with Liulin and Hawk when shielding thickness is taken into
account, the shape is different

Further research on calculation of TEPC spectra is needed
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' Comparison of Liulin spectra with PHITS
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