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Energy and Angular Distribution Determination of Energetic Nitrogen lons of
Plasma Focus Device SBUMTPF1 by Aluminum Filters Coated on CR-39
Nuclear Track Detector

B. Ghasemi*, H. Rouhi, F. Abbasi Davani, Z. Shahbazi Rad
Radiation Application Department, Nuclear Engineering Faculty, Shahid Beheshti University, P.O.Box: 1983963113, Tehran - Iran

Abstract: In this study, the energy and angular distributions of nitrogen ions produced in a plasma
focus device, SBUMTPF1, were determined using CR-39 nuclear track detectors and the results were
compared with those of the polycarbonate track detectors. For this purpose, by the use of the SRIM
software, the ranges of nitrogen ions were calculated in aluminum and subsequently by applying the
PVD method, layers of aluminum filters of different thicknesses were deposited on the detectors. By the
use of the coated films, the anisotropic distribution of nitrogen ions was investigated by the detectors.
The variation of density of the ions was also investigated in different ranges of energy. The study of the
SBUMTPF1 angular distribution profiles shows a peak value at an angle of 30° with respest to the anode
axis. The results found to be consistent with those obtained for the polycarbonate track detectors.

Keywords: Plasma Focus, CR-39 Nuclear Track Detector, Energy and Angular Distribution, PVD,
SRIM

*email: b_ghasemi@sbu.ac.ir NN lis s gl AY/Y/YO e 5L s b

4



. EREY . . . EER o -
e Sl o8 055 25 L0 s Sl 5 S5 58 e

)
4;9;’

005 755 S35 oukd plowl (slo a3 5 e Y pams

oo plomil G355 GLa a5 s S o5l Cota L
o 31 0 4SS oS S35 1 ST Sa a3y
033 il K05 slaE Sl eslinl L S 5LS” sl
5 S5 piF el 53 Sl 0 C\;,;;lr:u);,;ﬂ
SFS sldl oK 03§ 059 0 O s sla sl
Sl Calisee slacali s i eslizul L, SBUMTPF)
Slaan 5y G Lu JKET g5y ol ol coninn o IT

ool 45 S 415 )y 3,90 CR-YQ

w31 Slows .Y
R o=l 00 Y] m e 53 ol plonil Gla il ST wilie
SBUMTPFY ;s g 55 5 5LS (sloadly os 31 5
olas [\v] Er s A eslind (7Y kJ Yo KV o)+ F UF)
S sl 53 35 g0 (SLalss sdone 4 42 5 b oS 5l
S (8l e s IT Bl Cnlin Cualies (g0 5uous clas
SBUMTPF) o&ws 53 gl 5 055,55 slad s 65 -
ol 03 A 3 el e LS Y LS VY o 2 8 s
(PVD) VS5 5l Sliia¥ iy 5l eslinad b 2leT
Ve 80 AV 8P VB ATFY AYFr claculbis
Glaphd (65 1 gt sIT 5 51 2 g YPYL 5 YO (YYV:
Slie L odsT s @ slasy s lie (gl i otilis CR-Y4
Ll 5 1wl 0357 atedan iz oa 5 4o slae 5 LOT p LA
(sn)) fa g TVA 5 (pli Vebe laculbe s ¢ i
o 93 s o ilzi CRAYY ola 5L, KT (655 5 30 -l
S€ S AT mbar [Les b o&ews ez ba il T
oBans 57515 5 oy 5 o&ams 4,0 MbAr HLid b 055 2
S5 =38 03,31 Cews 4y gl s Ol YYE O KV
Jmlie 53 05,80 Yor S5 sm 450, K 51 058 SOy
o B G G35, sakols .unu;ﬂuuj&ﬂéurlg
9V 2l i el 88T (8515 e U 5 T
SIYN0CM gl 55 bl KT s 5 b 30 8,0 CM
I T e s S a3 Jio G4l S 5 LT

AdoNio .
a0 536 5 A ge oS & Do 4 G5 slandly ol
Wl 03 28 5 (ol s 2SI ol gal €05 5 55 0 g A
Tl o aS ol i a5 L (glann 5,5 gl ST
S35 613 Ol 4 it ol 09 28U 5 b lie s 7S
SAS Sl s 5> (g pr oy 02 12
Calides glld b Lgl_mﬁjlf J_:J: A bisd e eslin
Sl @55 ot oS5 Sladly oows M5 SO
5l Gl (sl o a3 etk lat s 655 5
34 g T e Z Mol 4 Ol 5 o clas ) oyl saler
[V G5 slesdly o8z 55 0ks W5 08 0 b (2355
YC sy M M) ST G b 5 TN Osaplesl, s s
Saan 53 [Y] 5,8 o Ll ¥ KEV (6551 Jold- b slalrs 555 b
sbaaysly ps Lacsda Gl 5550 HLE Hldae 4 4ty 55150
Sl 35 bl ) KaT .55 o 0513 513 LT 5 sen I Caliies
gLl Cadidee (sla g5 51 Ly O 5L slss 55 55 1 51 5o
Sl 3l eslial L ol ol 51 (6,8 sl (1 055 oo
ol =55 S0 s 015 oo Ly AT (s gl 3 coten T
[V o] s s O

56315 Ol jlestiul L[4 A] OLSKes 5 (IS
b (glan 3 5L AT o fgrme 0 5mal iwi b
KV ke 55 G55 sl o8ans 53 0555 GO
o3k 4L ,T Cas a P RO Slles jlis 551, (F VO K]
5 O gmmall b jloslinal L[V ] OLKes 5 ST wlie
o 53 055 75 S0 855 Cab ((slams 55 5L ST
A5 S (6 S o3I 5180 K e ¢ 5 G518 (sl

o 53 Loy 53 sl sl mrssf [N] (Sl
lapdkd Sleslinul Ly 1) Olwgd Ve k) 55LS slaudl
oetia 5 6,8 00l Calides ain JT (sls Sl 5 CR-YA
50350 T Hamee Gliwly 53 Lol s slim o 5 iw &S 38
O 5 Sagsle wlis Hsb 4ol Ll o 53 OT Hluis
L adsl e L0555 5 W0 555 Slassls w55 [VY]
ol gl L) 5T s @ (gl 5L, KaT 5l eslazul
S5 23 53 Slasls w5 93 &S ol OLE LOT K )

s alB glyls (aZ j e Loasya Y



VFAY (54 ((gletn 055 5 sk (Galons

Calibes (SLalwlie s 5l 5 sue 615 059 55 O g salnT (65,511 Jove

sl Slo
e bl 37 Sl
(keV) (nm) (keV) (hm)
\Ae 140+ Voo Voo
Yoo Yye Q. \YF.
Yo, YYV. A\RRN Aad
Yoo Y¥o. AAER) Vo
Vo Y#Y. VFer Voo
Yoo YVa. Ve VAV

SLaO s 4 by o ok 2 655 0d O slas, JE
S o bl OT 1 5V glas) 5l s T (65 51L OJs 20
Caliben (glao 28 55 odd b glasy J&s (oDl 03,87
el S 4 835 25 SO g S35 @5 s 85
V10t Ll i e AT Sl L 0 25 JBs i
s g 4o (Voo KeV (551 &b gl T L blze) e b
ol S0 7S 33 50355 KaeS, 51 eSKS LB oS 5
Sgei b as Laghd ol ol (plal L) s 55 )l 38l 5
Cb 5 15 led 3yge 0ding S e Olbl G Slacd
Slo o 1 s YN em T 5 i WoT il oS
03 gLl i ‘;VS Sllwles 5 Cubed ol b e T
lasy JE (samslin OISl 5 5l 305 )y (51 5 A8 a8 8 i
e KeV 5l 50wl el oo syl Calibes slao3l s
w58 L s v emT JEs (YF M Slo L bLzs)
Al

350 0did 2545, CR-Y4 et ¥ ol sl
SLagn slasy (ol J&a o Kla 0035 15 5w
Soled glasy sluws el Cows 4 VE Y (X) Jem™) Ty
A 53 5 29U VAL Culse s 4 CR-Y4 VJ.}ng)ﬂe.\.&
25 )

Sl Cabs il L S sl 0l Y S s
)'Lu)lg.i:'l—‘shrl:'a oy g odkd O glas, é\i:: (o ST
o) i S lasy IS ¥ Jgdr 53 bl e j2alS
T o s IT 3lo Caliee slaculs ol 4 CR-¥4
B{RC WS N PEWS g5 P S PRE N IS PRRCIN PRV
] ol S"{L‘”V‘L’

GO pd 8 o el Sl 5 (2255 5 Sl
S35 os S slasy S 3l eslizal L 05s 5 sl

(1 JS8) T s 4 L

AR

&

slapkd 51055 70 sLal s sl mb 5 e 12
as g oslinwl gl VY e Cubbed 4 e T 2l L CR-Y4
Jolie 53 05, SKa O v 355 85555 &S5 Ly ST o (1)
o G G S8 Sakols Al u\;,\;,'u,&.ﬂéuvg
Sl ST slaphs G813 Joun b OT salols s ACM LT
Foo B0 N0 © Gl gl s jle,KaT clapls 5 Y CM
}@;)\AL&MPBJJcLTJ‘}mQMQ):
SR ol 3 el eslinal i, K s s
a3 o0 QL ) lasly 5 G55 mi s (s ek S
Sde 4 CR-14 L;Lar.l:é odd b glas, Ol el (ol
> NaOH JU ;5 # Jslome 5 glacd iy 235 51 CR-Y4
o iy sled (gl eslazal :\deﬁl.w a= 3 Ve gles

.ale;ﬂy;,fam@gjﬁrigr;\M

Lodld o 9 gwlo)l gubs ¥
035,25 el sl 655 SRIM 1l 3 5l estizal |
Odkd b e JT Lo Calibes (salalins 51 5 (6l 5
03,91V Jgd> 5 L i dmlos CR-YS slaekd 55 2

el ol

(&) cslas sl 5 e e esliul ol,T (Gl Y

(S5 @5 e Sl ok (b S0 13K



oy o5 05555 bl lasls 5 G5 w5 o

)
c@?

’

(-]

AR

gl YVAL Y

£ i
LA

;g.,._.?f?4.3«.1,.3-@@bjléﬁ)T&L@;ﬁa&&u&h@M@CR-fﬁjb)&iTéuv@‘_;})J{La;)qj‘léwﬁ.fJ&’b

b

oo AT Sl Calien lacalins gl CR-YA 5Ly I8 T Lot &b (sladry 35 J&o 5 sl 65,1 J9u

) & e kT 650 Cals s,y & e ST 650 Sl
(-"em™) (keV) (nm) em™) (keV) (nm)
ARRE SR VAs 140+ gl Ve oy
YRR Y Yoo Yye 1990 £y Qs \YE.
NS Yo YYV. ARE SR Youe L

ARES R YO YFO- Q8F Y0 VYo Ve

YA Yoo YVo-. Y&Y VAO £ o o F \Feo \7e

W d 53 Yoo VA, OFA EY v ¥ VS WAV

cm™) oy xtaw S

L 0l on 15 055,55 b0 harsls i 63 Solopal ol
Osi J515 55 S laanin i) loy 5157 5 05l 5 5
sblie s 2SI glaolds uilss pis 3l (50 &S landly
Les I Z ssme &y S a5 0l 315 e 5 el o
6 s Cilien sl Jole & 1 2SU o 4l i O ylize
o BT S les 5 s 6,15 5 5 50 0
Ll o 555 slawdly Calibes (laol&ans 55 5 3,05 (St

Bl il s e il

(keV) &35

CR-Y4 LT 5ol b ol s 60355 25 b (6551 Cad ¥ K0

Yy

e IS s 5 S 055 56 56 0 mbar Lz s
Slapdhd Gl T ) some 4y S 453 i Sa5l5 5525
Sl 9B VY Sl b 4 e s T Lo L CR-Y4
AT s 4 WVAXY em
s 5 055,55 SLal s sy pmis (—omie
0Lz CR-¥4 L, KT 5l oslizul b ol s SBUMTPFY
So39doun 5 g o355 sl 2S5 Lady s (sl ol @5 S sl
)l B S (61 T e 4 S w53 Y Sl
(F JSs) ctls s 1] e 53 o s 4 B L s



VFAY (54 ((gletn 055 5 sk (Galons

aoe ol Loy ET 55 ol gl 4 0k O slas, J&s
N 5ot CRYA (b (g5 o O 3 sl 57 aT s
FE 5 Gl o33 eins 0l (al sl Sl Sy o
dds o Lal ol Sl S b 4 s CRAYA (gl jl, ST
omby =655 Loy o s CRY slagls (VL ol

Wl sk Sl Dl Sy 4 o s ) s

S s
1. Physical Vapor Deposition

Yy

va
%
L/

CR-v4

\
N,

Yoou |
o ! !
.

o ¥ A0 o 00 i i)

o Ve 10 A\l Yo Y

(4230) T 3970 4 o 41915

S 8T Sl eslinal b o s (055,55 SO Slasls s & JSb
CR-

058 jlf combar Lis ys eslitsl 3 46 o Sy

S ) T 5 men (Slialy 53 055,55 O g oS Lo
OT o a3 0 sl g (ot o Loy J&s
~,»CR-¥4 Lgurl:é Gl Gl o slas, JK? uﬂJ;rf)
o3l Dby S o slapks (g e ol eaT s 4y VN0

ol ol Cwd mb,\? J'f‘]‘f [“‘] C-JA B okl

CR
ol ul Lv 9 0l gs’u"‘"“iy LSLAV.\:B )‘ oalazwl L &A}}.’. U‘-’-‘ BE
Slasls 5 S350 g8 e odd (o b sla iyl )l
SBUMTPFY S 5LS" (sleudly ol 55 055,25 slals
Cows s ¥ oY gla S plas (7Y KT YO KV OV F PF)
ey Lglq;\jtljj@xucfﬁ&bﬁra.bT
sls 0l 15U el g w55 5> SBUMTPRY o
(sl sl @jist_.ﬁr@u 5 0> ity o (pbliin Oloks
S5 Sl o> slaa s aes 13 S 55 K
Sl 0g oS oS Slo o S35 Kos Sjle 4l
cla S5y Js bl o SL b 515 slawdly gloolKans
oK s sy ol (bl Gl bl 4 o.ug.w)_,g:n
0SS s 0 Lol ol o gline on b Cilibs 55157 (s LasDly
ol oalaiwl o\i:‘uw:) g:"mﬁ}.’. Q’i‘)J oslawl Sy o\i:‘..w: Q:}{
3 CR-¥4 ola 5L ST L oeT s 4 = Y] s

Stomlie I o pn izils g Gl SoseSS Lol S



é. EREY . . . EER o -
e Sl o8 055 25 L0 s Sl 5 S5 58 e

1. GH. Murtaza, S.S.H. Mehboob Sadig, M.
Zakaullah, Plasma Focus Assisted Carburizing
of Aluminum, Thin Solid Films, 517 (2009)
6777-6783.

2. S.M. Sadat Kiai, S.A.S. Sheibani, M. Elahi, A.
Safarien, S. Farhangi, A.R. Zirak, S. Alhooie,
B.N. Mortazavi, M.M. Khalaj, A.R. Khanchi,
A.A. Dabirzadeh, A. Kashan, F. Zahedi, Design
a 10 kJ of Mather Type Plasma Focus for Solid
Target Activation to Product Short-Lived
Radioisotopes **C(d,n)**N, J. Fusion Energy
(2012) 421-426.

3. F. Castillo, J.J.E. Herrera, G. Espinosa, Energy
Study of Accelerated lons from a Dense Plasma
Focus by Means of CR-39 Track Detector,
Nuclear Track Detector Measurement, 22 (1-4)
(1993) 551-553.

4. F. Castillo, J.J.E. Herrera, Isabel Gamboa, J.
Rangel, J.I. Golzarri, G. Espinosa, Angular
Distribution of Fusion Products and X Rays
Emitted by a Small Dense Plasma Focus
Machine, Journal of Applied Physics, 107
(2007) 013303.

5. A. Malinowska, A. Szydlowski, K. Mallinowski,
M.J. Sadowski, Investigation of Fusion Reaction
Protons from PF-Discharges, Czechoslovak
Journal of Physics, 56 (2006).

6. A. Malinowska, A. Szydlowski, M.J. Sadowski, J.
Zebrowski, M. Scholz, M. Paduch, M. Jaskola, A.
Korman, Measurements of Fusion-Produced
Protons by Means of SSNTDs, Radiation
Measurements, Doi: 10.1016/J.Radmeas (2008)
04.041.

7. A. Szydlowski, A. Banaszak, B. Bienkowska,
I.M. Ivanova-Stanik, M. Scholz, M.J.
Sadowska, Measurement of Fast lons and
Neutrons Emitted from PF-1000 Plasma Focus
Device, Vacuum, 76 (2004) 357-360.

Yy

b x> 40

8. H. Kelly, H. Lepone, A. Marquez, Nitrogen lon
Spectrum from a Low Energy Plasma Focus
Device, IEEE Trans, Plasma Sci. 25 (1997)
455-459.

9. H. Kelly, H. Lepone, A. Marquez, J. Sadoswki,
J. Baranowski, E.S. Sadowska, Analysis of the
Nitrogen lon Beam Generated in a Low-Energy
Plasma Focus Device by a Faraday Cup
Operating in the Secondary Electron Emission
Mode, IEEE Trans, Plasma Sci. 26 (1998) 113.

10.K. Takao, M. Shiotani, T. Honda, |. Kitamura,
T. Takahashi, K. Masugate, Characteristics of
the Nitrogen lon Beam Produced in a Plasma
Focus Device, Pulsed Power Plasma Sci. 1
(2001) 731-734.

11.A. Szydlowski, Application of CR-39 Track
Detector for Corpuscular Diagnostics of High-
Temperature Plasmas, Radiation Measurements,
36 (2003) 35-42.

12.M. Sadowski, A. Szydlowski, M. Scholz, H.
Kelly, A. Marquez, A. Lepone, Application of
Solid-State Nuclear Track Detector for Studies
of Fast lon Beams Within PF-1000 and other
Plasma-Focus Facilities, 31 (1999) 185-190.

13.B. Ghasemi, H. Rouhi, F. Abbasi Davani, Z.
Shahbazi Rad, An Investigation on the Energy
and the Angular Distribution of Nitrogen lons
in SBUMTPF1 Plasma Focus Device, Using
Polycarbonate Nuclear Track Detector and
Different Thicknesses of Aluminum Filters,
Journal of Nuclear Science and Technology
(1392) 9-14.



