i
klsR‘% alza

oo g il g i

WAL Ol O Sl F Wir 055 5 el 5 o s

IS L Ol s 5 031y 58 G5l KaT 6l 618 55 ol 5L, ST S 55l 4

(MCNPX) 4,15 =540

\ - . N 3 ae R N N \d Y . . . F3 o
;‘-WAA‘)‘;Q—ALA&J.’AJ é‘jw‘)&u)ujlws&‘*ﬁdi@‘)xwd%w‘ )ﬁ:dmb&i‘jﬁ

Ol Ol VATROTNAY: ey G O, 55 ply o2l (Kb 03 S
Dl Ol i Ay o 3T olKils « S5y 550 058
Ol Ol Sl imis oS3 (S5 5 (651 g SIS
Ol 0be S Ola S eSS Eans oSl (gl ind pwdigo 05 S
VAYW=OATYY : sy 0SS5 05 8 558 ply olSils (Ol o Sl s

physpdp@gmail.com : 5 S Gy

YL b S 8 5 oS 5 e 4 el sl eslizad 031, 5 (LaIST (gl il (sla sl ST 5 Lt 058G
Al e a5 3550 b Wl (3L ISKAT (gl WOT Sl aslizal (5 g g b 5 (3 and (slasloy 13T 4 s (318 (sla sl
Sl T Gl Wlie 3 il et eslinad 0531, Gl T (gl 0 5ST a8 305 15 ared ol s 50 (Gl 5,Sen il Sl ST
=2 MCNPX S 3l eslizal L V- V" B/’ o5 saes s ol 2lis S o ol ol 5 0sly Wi ols w0 goly 5 K 8
Jad om0 le o s oo 5148 W a3 5 (6l 50 bt b aeir G Jhile (VL 0315 amm andir Il ol 022
53 odile by (5331 e S ST ) 383 oy 1 Sl ol ool iy s Il 3 ol 1 il O e ilalons (5531 555 0
ol 033 (535 43l3 4z 4 das e DL G 5 Jrol il ienl 6 lone (5531 5 a3l 3 b e 55 T sl VL
sdilalony (555 e85 Ll 331 b GLaolSCal 03 ool ey a3l o a3l 0dilelony (551 e iy 353 280 Z bl 4
AL S alasls slas W oo 5 ansls SRl Ll g 2alS 653 (6550 Gl b plissl amsips 03 S 1y 2alS Job dly )
5 03y LT L3 (65,50 5 asls 4 ol 5 S SLSaT 03 el Sy s Al o 2818 L elss s (Ralil S e 5

Lsd Al Ol 38 gl KET gl emlie 4058 Ol WSl stee Laslu KT ol el o555 0 03 Ol s

MONPX 5 ige oS o(g3be amd (il a1 0 s 5 0315 (ol 5 S ool 5L, 13T 10 515 AMS

sladsly s ol Sl on S Jgnian |y OLudl a3 (g 5 0 dediae N
Ll : ladoses 53 031, 38 51 3L 5 .o
A e Sladame 2 03 S6 L S S 3w glade e 53 031, 58 (So ) S o550l

cbli= 351 S L DK e 56 a3 e . . .
oY w)/'s []) Pt Sl )&J\Q)H@jebﬁﬁ@ug;ﬁjéuuﬂb;df;s)ﬁ



Y oo lods cpgw >

w9 e G0 391 (o (Gl oz gy (SRS gy .

TN 551 K& 5 0 ,SKndo Ll 55 S SSD)
LS slasla el Ja] (keV (5,50 s gLl ai)s Ligy
ol s B b 4 oS s e sl 5 S
S0 O3 s s e i sl ST e
Jlw 3 48 ()l 5 ,Ke (3LS SLu el L[V =V Y Tl
oo 3 i VIl ol 3 e 350 01T Jaos 5 1AAA
LSe35 Lot bl ol LSS s
A s G SSE O ola Sy bl a5 esls Ol
53 Cl_,i_?)\ aas 5 Sl TNV K8 5[V LY um
o s [VOIVL e B VN 0] 0/8keV (g5
sl 03 g5 Olides 4 45 5540 L[\i]vs

s cpl 5o Lol Gasods S5 cla S5s 0 ax g L
SRSl 3 6l 5 See (38 LSl ey o
ad Gl il e el olis s I 5 0ol 58 clle
Sl 1S 5103l & 5ol 5 SKe Sl Sl maly 3l
G S & LKl andis .l sl o3lizel MCNPX®
S b lgr als 3,8 s Ol oS 05 e b
55l s Sl ST s glas 5l L SHE LY
bl SO sl IeT Gk O3y ol alisn Sl
RCI -V (W Ut o el 3 08l
ST
S5 35 638 5L, Y
SLS 51y SSUISG l JSime sl s 5,8 38 Sl
s BT lasls O sy =4S cnl Bile 2o K ol
i 3 Al g e Ll e S5 3 Cglae gla LIS

9 gs;g_*~>g ¢4_i%ri o= j\ Sy ‘f}fﬁﬁ.gi Ltjjs

2-Microstrip gas chamber (MSGC)

3-Oed

4-Monte Carlo N-Particle eXtended (general-purpose
Monte Carlo radiation transport code)
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or sometimes USEPA)
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Drift plane Cathode strips
Anodes

Substrate

SN S 35 558 L, Kal() S
e}g)_i;l_fﬁ,;-,;\, lad S50 il 55 o (5558 N3
3 ST (6 05 (3 Sl el a tiles 5 S
odle b oS > dl= 3 03 SO S e (S 0 Ul
S5l alS sl 3 il e LS e e O 1 &S g

e:\:v'cvk_g—g,.__: dalrs b oS Wls_9E b a1y 45 Lo s
dx

(e Jecons LQQ)J:Q\ L5\J'3 Jslee U"‘) ~[\V]3)‘:Lf°

d—E = 47r]\fAre2mec2z2 E%
dx ApB
2 2,202
1ogL[7ﬁ—ﬂ2 _g (1)
1-pitch

2-Bethe-Bloch



Y o slouds o gus wlr w9 e G0 <y (o Flabw ddioz gy (SRS 19y Yy
3cm s
2 tmLl
3mm |- 58 £l 1

el 0 03Ul G151 A5 awiin 53 a5 jLu, ST 51 Soled e (1) K3

Sl KT 55 0dd asliul 31 gs adins LSS polis il das )3 :(V)d g

el adl S 5 b7 55 s el
0555 0550 O3S 035 S (S ol 0 %) -
OVALETY /e gTVY TV AVEA - ERRRY: er\Yeo [
- - SYAVANVL Y /g0t00Y VYA el
- </VEYAOV - YABVNE  /aVIEYA o/re) o Py 58

—0/AMeV 55 =l o 1S 55 Ll 5l s 2 Wl lys &S
ol oS Wl 033 S ol gl (X US2) sl 300
YL L3 OF bl Jome abil s & (3L 55 antir S
L oo dainr SO cmndlS Sl s o Ll
):Jl.il_ﬂcla.dﬁjj.sidi.ié{llu ool oy (55 b
3y g Jlad ez 5)lp il SLlgs o a5 23 S L
gtlae AL sl S (il a4 ar s L

O_i\ﬁJ_;,Kfcb;usL;bs;\mdm O Sl

.(O Jg.:')k;..ﬂ‘ 63 gl>es
T T T T T T T T T
— 0.008 [ =] |
g ~
- [
2 [ B |
o 0006 - f \ .
=
=
5 o .
S 0.004 I||l!l \ 1
2 :  F "
5 o '
% 0.002 - '-i" _\ .
EE
3 ——
O 000 m -
1 1 1 1 1
0 2 4 6 8
E(MeV)

4 kb op s e 51 edd 5,0y SWT O3 (63 51 b (1) S

Sy iz iy 25 4 g e i Sl sy
& esls G353 SDEF s b IS 55k 4 aais
5,5 i 25 SDEF (gl 5 Ol s (s ks st ol 353 oo
@6...,°)5M%cdjjsno&mjs@;x;u
0 01Ol zs 5 osly Gl (g5le amd pl 55 5,05 Wl &
JeeS Jlazml Jolas Lyl o5 53 W58 oo Ol andir Ol gie
mzD_,;jg,~m~m/\wjgu/wogbé\ﬁwig\,s
S5 Sldis awle gl [NATewl sl 55158 v/eY
g LY & b e o8 51 sk asls 55 653 sdilelas
A1y 5 ekilslmy (65 5 PEDEP 555 o ol PEDEP
033 oy 1 oS das o |y paseta 03 Gl o
b G e s Ll dsb a5 0 edilelny (655
35 oo kb man 3 FM o)l Sl eslizal L
s
Ol 5 LT sy cml by o555 45 Il 4l
b Ol (leds S Lle (VL 55 0 &Y seamess
sslizal b 3bly O slil by e 51 s o W ol

Las e 0L (5l and S 3550 Cwdy MCNPX s



rY w9 390y 3B (3L BT (513 (55195 9 5o (ol 5L ) BT G (55w A

Yoo lods cpgw >

E,=0.5 MeV , 6=30°

288|— (0,0, 0.15) ' X ' ']

192 ]
096 ]
000 F ]
1 " 1 " I‘ " 1 " 1 " 1 " 1
—y (5,0,0.15) ]
g 288 1
L q;f i
% i
s 096 1
000 F ]
>< 1 " 1 " 1 " 1 " 1 " 1 " 1
ke,
o 288 (5, 5,0.15)] i
u |
102 -
096 ]

0.00 [
1 n 1 n 1 n 1 n 1 n 1
288|—(0,5,0.15)

1.92 - -
0.96 |- 4

0.00 -

-015 -0.10 005 0.00 0.05 0.10 0.15
z(cm)

¥eoagly cou 5t /0MeV (g5 L W 6,3 skibiby (6551 (V) K3
it (63,9 4k & 5l a0

Glasls @V @ & LW ol gl sl sl el (I
iy o L
Sl eslewl L MeViem > » dE/dX lads el 5o
2L ppme Sk G L) 6 SU e ;3 PEDEP s
o Ciles glaa sl o a5 den VL =Y 630
/0-0MeV (g5 il o 7S o3 sdome 53 5 VO (a7 (807 (Y
e 5> JU s s o Ll o]
T slayly VU s edsbelony (531 (i Jsb) Ve pm
Vst o b 5 ale (550 5 asls Sl ol ) s
L Ll ol aS aas e 0L Y Jsir 2 o ol
Ly o5 BT slal g a4 (gl sl & oot /oMeV g3
B MeV (5,0 olys b oo by ol a3 5
dopa AS e L A s e LT VL 4807 sl
Sl b SRl s L als 3 pd i 6355 sl
S i @3 4y Lol V/o-Y MeV (g5l L ol s
MeV I SNL 65 51 L ol s o sbwl b @A-\'.
sl el Wi dl_x.ér.?o-b)b Sl wsly e V/0

oo Shaldhassly il L b asls o8 50 o0 Wb

s
7 /( Sasly el aate
L) 6
Y
p
r——

/
v

S dslae 4 hle o ) amiee 5 (elaw asde 1(2) IS

SAsbe YU ,s 08l e aais

0.12 T T T T T T

0.08 -

0.06 -

0.04 -

number of particles crossing a surface

0.02 | . "N
/ \./l/.\./ \./ \ / \.
0.00 . f i
ofo ofz 074 076 ors 1To
cos 0

ﬁ.u,.s.{_.o,liuwﬁ,-éa.a,-l.‘swiu,séng_,uus...b:(o)p
Zygeo 3 WI o 315 o oS

Al (s amds 53 G (b i (85 B0 s
)33 ol am )5 e o 5 o 51 oS W63 S
ol 5l b Coysea | edilelony (6551 5 03 S (g5l 4l
sdlalny (6351 Sltie 1 ISE e ssT o Sy e Ik 5
aeia 3555 asls 5 65 L W e,d S sl Jskasa s
L (Z e o Comnd ¥ gl L /0MeV (6550 L W 63)

.M:L;aol..f._}
ﬂvsbwu@j)swwmeﬂuéuﬁ}-,w
Sl ST lame 55 4 56 5 adsl 3 6551 [Rals L,
g 3l esd o Joee wedilalon (551 e [V ]
o byl asls ar cos oSl bl ol (S b cp 23
Ssﬁ&u@;@gw\jl.@\weﬁjg;)l)éj);\
Fely 33,8 5L 5ol Ll o 5wl 55 e S W6
Cl e 3 4 el 0l gy S e s LIS T
;))ﬂ,\);f-cwggauﬁ,m&u)y Jsl

Ry g e



Yoo lods cpgw >

w9 e G0 391 (o (Gl oz gy (SRS gy vy

Sl b 50 al b s 5 A e il ool (53

YN LT S S (g

G s asli b Whed S asleKal L =L G

.,U)JL;«)'LA)KJTJJ\JW

_450
0 =45
-0.20 -0.15 -0.10 -0.05 0.00 0.05 0.10 0.15
168 T T T T T 3
1.26 5 3
82‘2‘ L I I I I I 3
170 |——4.5] E
1.36 ]
%8% N L N L] P TR
174 |—— 3
1.45 E
1.16 W
222 \ ) ) ) ) ) -
e |
— 1.
E 1.11 3
5 238 3
< 204 |— E
> 170 W
Q 136 E
E 301 1 L L L L L E
X 258 25 3
O 215 4
m ég% 1 1 ! 1 1 =
T 558 2 3
i
1 1 1 1 1 |
30— 1.5 E
3.2-8 *i L L L 1 _:
2.46 =
1.64 3
0.38% h 1 1 1 | | b
55 |=——0.5MeV E
1.2 3
0.0 1 1 1 =
-0.20 -0.15 -0.10 -0.05 0.00 0.05 0.10 0.15

z(cm)
£0 45l3 b W Olyb 4 5la, 83T maly (V) JS3

E,=1MeV
0415 010 005 000 005 010 0.5
189 775y T T T T T T T T T ]
126 ]
63l "
0.0 ]
5.1
34
17
0.0
328
246
164
082

2.70
216 | E
1.62 B

108 -, 4 00
2.64

220 [ ]
176 ]
132F ]

dE/dx (MeV/cm)

0415 010 005 000 005 010 0.5
z(cm)

AMeV 551 b T O3 4 5l K80 jal () I
Sl o) a8 50 (25 s 2y S 2
JLQV_?Q:)\JEW S5 50 sl b L S
e Lol oSyl e a5 L Sl s o sa LSl

J\ul.—’;;QT&JJHM}\)JO)J&}ﬁ‘«_}M‘MJJ—L‘

s bl (5,51 ¢« +/OMeEV 51 VL (g5 51 il LS
i A AL e 5 a3l (5 ) B e
Cos YMeV (o551 L Wi o3 40 by e stileloy (6551

s e by b 8 aS Al e VO sl
K35 55 MeVXT07? sy adilbolony (5551 5l :(Y)J g

bl s A T 6550 5 asl) 5 b sy KT sla )l

sl S5
vo' T o’ Yo . MeV)
. . . . . +/0
. . VYAV \VESAD  V/VEVAS \
. Y/YEYEY  Y/00Y84  Y/aNEQ V/EYVIA \/o
. Y/AAQAY Y/VYEAY V/EVETA V¥V oY Y

VVYLEA  Y/AVAE Y/VYEQAY  V/YAYAT Ve AALY Y/0

V/AYYe  Y/EAVOY  V/YOY00  V/YIEY)Y V/Yovaq \y

VYATYF  YATTEA V0VeAE VYWYV VATYASE Yo

£/AYYY YAAYYYoe Vg0 V/VAYAO \/YENAY ¢

Y/OYETY  V/VANA VYL V/EeEYA Ve VY £/0

Y/YVIAY y/vvarl  V/AAYVE +/44van +/AAT 0

il sl bas Wl ol 4 slalSal sl (¢
.LJJL;«;LA)K,:T
)n)&_y\)sg;_!u&_i\,;,-u,mi@gw)ﬁé\ﬂ
S 3l slize Glags S LEO sl Cou &S S e
Q)sp.x),z;u,mwwﬁ,};)u,gu RS e
wod Y0 MeV3l VL w63 551 I3l LY IS &
oo Sllv s oy &S oo Iy (1als silals (65531 e
3p5u 60 et 5K cdl s eds S Sl i
S e
U\,g_guéjj_;\t_gu@wio\,swu)mi@g(C
.LJJL;«;LA)K,:T
t_iv_:l)sg;_!u&_i\ﬁ,-u,mvc_wgwjﬁ&\ﬁ
dﬁjcbﬁfj\qhmduq)\jwdas YMeV 5 5l
DLz A S o S oo i 55 1y Lipd 5L sl 5505 e

Die a i a0 5 iy 003 (634,34l a8 aS das e



dE/dx (MeV/em)

Yo w9 390y 3B (3L BT (513 (55195 9 5o (ol 5L ) BT G (55w A

Yoo lods cpgw >

Fb S5 glasls s ealalny (65 51 Ul 4 x5
ol 3 S YU s el S5 el gl 5 sl 1T
o=l s W sy s an sl 5 YMeV (g5 Sl L Ll e 3 @
LaS sl Jlg V0 08 Sheslanal b 855 slayly slaes S
lpdiS e dsb LS Sl w5 Y Ly, woan g
g dal g VIDSL

o=l 03 Ve g5 4l s OMeV (g5 Sl L Wl es (b
ar g LS el cony S5 Y S s sl sl S
e ADSL il L& L sl Y Y e,

—=— Eq=1MeV, 0=60° |

3.229656 2.4
2.960518 22
2.691380 .\- 2.0
2422242 ST 1.8
o - \
2.153104 pam— - 1.6
1.883966 \ 1.4 'f
1.614828 / \ 1.2
1.345690 \ 1.0
1.076552 L 08
0.807414 L L L L L L 0.6
0 10 20 30 40 50 60 70

t (ns)
5 YMeV 551 b as Wl o3 S a5l 08T dly Gy 1(Q) IS0
ol 0k Sl KT 5505V T 635 3 49l
]t P QP PNy U (W L R | el Al
anl mlisl S s gl slde 4l il L oS sl
L 3 ol rals cda il o 2l L elss s

- S 53 651 Rl S il ess 65 sl

Ol s 5 LT 63 55,5 Lol ogline S5 slajl s
A Wl o33 eile L (5331 b alize 09 2SI (g3las 518
L anlis 53 b0 s 580l &S ool s Sle w0 555 o0
Slesl 53 b g sl a3 W3 L5 e
a0 S slajlyslae S1s 8 e oysm uﬂe,sw
Z 03 s (3508 dold AILD on Sl 1S 90 e Aol

UGV e

X
Z:n p
tan@

™)
WS Sl de v 5 s 05 Sl il S s b

z
== )
v

e 5 il s 0 (Sas 5 52 055801 1) e
Py 5LS 5o 0 oSl il s G 0l 3 S 5l 3
o el N el s 4 S s ov=re A
ns

0 sl 5B o550 L WHals gl S g s sl Kl
2 Lol b 5 (210 Gla JS2) sl oy asiie

(sl okl ¥ g

Gl Il 53 5 5l IS8T ey el 4 by o gl ()

Basly s E 55 LWl

b
|—=— Eg=5MeV, 6=75'

1740585 . - - . 28

1.582350 - 426

1.424115 /'\-\ 24

n

1265880 4 m_ a . - 422
2 [ -\.} - \\- . .\-—fi./ - '\. /. "
5 1107645 "wa 20
>
D 0.949410 418 o
= =
_‘g 0.791175 H16 —
% 0.632940 - Lda

0.474705 - 412

0.316470 410

0.158235 ; T T T T T — 08

0 20 40 60 80 100 120 140
t (ns)
5 OMeV g5 b aS Wi o3 K 4 5l ST by ol 2000) S

R PR )Lﬂ)&:li .>)|‘3 VO.‘_;;‘gﬁ 4;_}‘}

E=5MeV E=1MeV sdol Cocsds =k
8=75" 6=60"
YL J b a5 elibeles (655
XY \VAR
(MeV/em) 515 o J 4l
Al e e ileln (65 S o 2l
V/¢0 Y/Av
(MeV/em)J 4b
ia Vo das g ol oS plaglislaas
S db A S s
A v

(ns)

571 e85 il b oS aas e 0L YU sl il

4._1_5\) uj’,{\}_é\l_g)objj ‘Ju".: MSJ}J& J&-UJJ 0-)\-.7L¢L>.Lz
el aS e a5 L &S el sl W g3 52
L3l sl b e 0L o STyl Sl e



Yoo lods cpgw >

w9 e G0 391 (o Pl ez gy (SRS gy \kg

508l LT s 65 50 5 asls a4 ol 5,8 sl
o=l 5l el U J.;'-\: a LS ST RGININ VR VRN W-{ Py

38 eslizal e 3 Gy Chle s gl L SKST

[1] H. Zeeb, Organization WH. Who Handbook on
Indoor Radon: A Public Health Perspective:
WORLD HEALTH ORGN. (2009).

[2] United States Protection
Agency.Assessment of risks from radon in homes
(EPA 402-R-03-003. (2003) 98.

[3] R. Banjanac, Indoor radon measurement by nuclear
track detector. Phychem and tech. 14 (2006) 93-100.

[4] United States Environmental Protection Agency
(U.S. EPA) National Radon Proficiency Program
Handbook, Radon Method
Definitions. (1996)70-74.

[5] N. Vajda, P. Martin, C. K. Kim, Handbook of
Radioactivity Analysis, Third Edition. (2012) 363-
422.

[6] G.S. Islam, A.K.F. Haque, Measurement of mixed
radon and thoron daughter concentration using
alpha and beta activities filtered from air.Radiation
Measurements. 23(1994) 737-742.

[7] G.F. Knoll. Radiation Detection and Measurement.
third edition, John Wiley & Sons (1999).

[8] G. Charpak, R. Bouclier, T. Bressani, J. Favier, C.
Zupanc¢i¢. The use of multiwire proportional

Environmental

Measurement

counters to select and localize charged particles.

Nucl.Instrum.Methods. A 62 (1968) 262-268.

[9] H.E. Chwarz, IL.M. Mason, A new imaging
proportional counter using a penning gas improves
energy. NATURE, 309 (1984) 532 - 534.

[10] F. Hartjes, B. Hendriksen, J. Schmitz, H.
Schuijlenburg, F. Udo, Operation of the microstrip
gas detector. Nucl.Instr.Meth. A310 (1991) 88-94.

[11] F. Angelini, R. Bellazzini, A. Brez, G. Decarolis,
C. Magazzu, M. M. Massai, G. Spandre, M. R.
Torquati, Results from the first use of microstrip
gas chambers in a high-energy physics
experiment.Nucl.Instr.Meth. A315 (1992) 21-32.

[12]F. Sauli, A. Sharma. Micropattern Gaseous
Detectors.Annu. Rev. Nucl. Part. Sci. 49 (1999) 41—
388.

S S o
S5 A 6ol 5 See (3 LT aly Gods ol 3
2 MCNPX us 5l eslarul ol ol s 5 03l sWi

Qﬁj_g uﬂl_mz- g:,._l.QA_: oS J_A3L5_A Ql_..:..: CLL?.: sl 0l

8-| 0

[13] A. Oed. Position Sensitive Detector with
Microstrip Anode for Electron Multiplication with
Gases. Nucl. Instr. Meth. A263 (1988) 351.

[14] F. Angelini, R. Bellazzini, A. Brez, T. Lomtadze,
M.M. Massai, R. Raffo, G. Spandre, M.A.
Spezziga. A thin, large area microstrip gas chamber
with strip and pad readout. Nucl. Instr. Meth. A336
(1993) 106-115.

[15] R. Bouclier, G. Million, L. Ropelewski, F. Sauli,
Yu.N. Pestov, L.I. Shekhtman. Performance of gas
Microstrip chambers on glass substrata with
electronic  conductivity. Nucl. Instr. Meth. A332
(1993)100.

[16] F. Sauli, Development of Microstrip Gas Chambers

for radiation detection and tracking at high rates
final status report. CFA Instrum. Bull. (1996) 1-12

[17] K.A. Olive, Review of particle properties (Particle
Data Group).Chin. Phys. C 38 (2014) 090001.

[18] R. J. McConnlr, C. J.Gesh, R. T.Pagh, R. A.
Rucker, R. G. Williams III, Radiation Portal
Monitor Project Compendium of Material
Composition Data for Radiation Transport
Modeling, Pacific Northwest National Laboratory,
USA, (2011).

S el cotln o walSal 5 (5lwan i bl ol ei[V4]
OLL Wl axdl 5L KT gl 550555 58 b o o ,S(CSI(TI))
OYA0L S grs LSS S lass oK1 (sl

[20] M. C. Parland, J. Brian, Probability distribution
function for collision energy loss. Medical Radiation
Dosimetry, Springer London. (2014) 523-547

[21] G.C. Stuart, Drift velocity measurement using
MSGCs in a test beam. Nucl. Instr. Meth. A357
(1995) 605.



