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Studying the dynamic of optical thick plasma based on suitable theoretical
equations and using experimental set ups in laser induced breakdown
spectroscopy technique

Fatemeh Rezaei, Seyyed Hassan Tavassoli
Tehran, Evin, Shahid Beheshti University, Laser and Plasma Research Institute

Abstract- In this paper, a new method for studying of aluminum thick plasma in LTE condition is introduced. The presented
method calculates very simple and accurate the plasma parameters such as temperature, particle densities, shock wave
expansion and instrumental function of system from the data of the spectral self absorbed lines. The LIBS experiment is done
on aluminum sample at atmospheric air by combination of two techniques of spectroscopy and shadowgraphy. It should be
mentioned that in this calculation, the plasma parameters can be evaluated exactly when electron density, plasma length and
three intensities of spectral lines from specific element were obtained from experiment.

Keywords: Shadowgraphy, Laser induced breakdown spectroscopy, Self absorption.

! Local thermodynamic equilibrium
2 Laser Induced Breakdown Spectroscopy

% Shadowgraphy

avy


http://opsi.ir/article-1-389-fa.html

[ Downloaded from opsi.ir on 2025-12-08 ]

(L-e™)

- ide 65l 90 paw H0 G g K YL doles (o
5 bl bl b iz Slapg 00 pF 20 a5 WAL
V] ssboe Lol Sl cos oYU 515 slaps! oW oS

(= LA zMﬂ ¢ (e "L "

(V) SYoles (6,081 b .ol oo Lowdly Jobo | 598 dolas o
peted ledls o b bglas cul (V) dolee [, (F) 4 (V)
3950 03) eSSy Al S

(-e*) c8r 57 ©)
Ithick:T 7 € '
(1—e **T) %

[0 ,F] alpe @b 45wl oo Lawdly 1,3 35k ol Z coeS
dole jalates 00,5 o albne 5l 4w g g0 Joo
s Sl U 5 9 Lewdly slos 9 ly5 (JB slaalil
Sy Sl e slandly 9 paataegl] i bskas o
S Oglen 485 I nj Ojga pate Sl clgds b an
Ls aw glp () dobas b ailine alobas 4w  Sabcas 3l &8y

(1 e—kl) C8 El;iBTEII)

0
ﬂn.
s kBT
(1-e . )

Ithick_i

plml 5 g 358 L A (550 @ 90 Sud (ged el b

oS e 9yl o5 ssk sgie oyl cgose Slaslxe
Sl ledl Jsb i 398 dolae (53955 layully b
Orzeed el odel co Caway dbaxd 2 8 o Kl ST
zoedob 5o e 039 b by Sl Sosdl J&s
Vel saus 5 awl=e YFY.XFAM

i =2

. )

03,8 35! [V] gz e 5l s cpl 0 bgype Sl el b @
g 00 M 5 5l 50 ialeyl opl yo el
T a5l e sl SRz ) g

2 plosuz Y

b ol yo

Sl 00 0)51){ \e

9 (_g)lfjd.il.w u_iHS.s 99 )" as 6‘(5')’” L‘)L‘"‘\:f'? ‘d,d:;u u;‘ I

ool Lowdly sloyel)ly 5JUT Cgz LIBS ysSss iSn
o5 Lewdl adsi g el o )] ) SE e oS e

aYA

et g oSl AVAY oo Ve LA

doddio —)

gz LIBS SaSs o Jolae sla iy, del IS ok
S deS Gl 2Ll Gl el layel )l dslone
I e o lyieer abbe (Sl S sladl
Noged 5l es (g eSojll iaren g Sl sliy 5l (S5 S
J)la .Iaﬁ.la? )l oolau! wLw‘ » L 9& w.....‘ )l Lu 9 u,o)...]y
69 bghs el gl a5 Jb> jo closds pungi g (St
oyl el 0 008 o Csme s Loy (LIBS (2l
g bl slgy 5l ke 0,50 Jdo 5 232095 oy cdu
s b polae b Ledly sloo § S, SUl JK ool o
S)lRl @b g Lewdly slo el )l 3o (pl 50 030 5 o dlre
@ Py Sl slaglodir oS 5 L gz by, o et

Ailoays I awle (6,0l 4

by Yolro g (55955 -

O IS ol Llg py slal jo ad ol ool (IS gl
3 odis wdzoes Sib s ul Cpalols I g u 5l g
il oe Condy (232093 o yd

L = SAX Ly ")

Ol Dol 5 233 o po o 4y Tinin 9 SA (98 alal) yo
Og SHb e Gul a5 aib g b SHL et a4 by se
D] 00,5 oo aslne 5 dolas 5l dzag5 ol

thln

9y NaAshvy _kT
C=——"+—e"™ L(v,v
V)= 7 (v, 0) M)
“&;)L’ &:AJ‘I:’ hﬁ.”).ﬁd.f Z 9 Ei ‘gU v 5NA| xAu| h 4.2.3‘) ‘:).}" )°
5 olass JIS 1 sl 515 5 U VL 15 o 3T Jlao
&gl 515 6551 QNS (635 p0 (5 8 V515 (e (g
Sla uiyeh Rlgn L(vivg) ol cnl o aidbioe (550
lewdly o agg Olglp Hea> Jday o5 wiboe Sl I
aS C o0 49051 conl oad a8 § las s blag,s ol LIBS
s (Sl 003l dbice oliulejl e (5)l50) &
awdin g leylST eg il I el g eniiS mer
aJolrs B SA Lsn.\?éj} w}@ 05315.3 .Qﬂfs‘oﬁ)\) ‘) ul.m.\.o
by Sib s ol a4 Sl podes bas ol a5 (V)
V] 005 oo sl &0 (s 3250 b5 &


http://opsi.ir/article-1-389-fa.html

[ Downloaded from opsi.ir on 2025-12-08 ]

Olrl SSs398 (559L8 g (wigs el ST i ol pods 4y (] Sesgied 9 S il 4 etan

2 PS4l Sl s Sl $n s Bale (i) 0
Sl o LI Gaige P! ST 5,05 co (Leesdly Loy
sebay S axb ol 5l )0 )9 Gloaxsl il (g ke
o Sy Ll sl e 519wl oo CSE pliome
03y (S9) p DX @9 AT 33,5 o8 s Egdge (nl Nad
Obles Lawdly Sl pd (e Dyt ) slasle & 50
by LDl 55 o0 o S zlasl 51 (6ol ¥ S 00
S5 5l o i dyere COD S gy o6,k ploner
aS amo o Hlis Vs 9 Yoo NS slagle; 4o caguinegd] CBun

335 oo drloe Lowdly Jobo o] Lo

§ Yo NS () clogyleg 5o oo Sl (clowsdly 3l (6 sl Y IS5

2 Sed glsel @ bgiye yiglar 5l Lawdly Jsbo (28,5050 L
sl 5o 1, Lasdly slal oy V555 g3 so o ile alid o

mole Gisu 5l 0 g Ve MY slah bl jo ey 3 b silge
Dged e ¥ JSS 50 ez (ol 6,

0.50

0.45

0.40

0.35

0.30 — 50ml

0.25 — 30mJ

0.20

0.15

0.10 +
100 200 300 400 500 600 700 800 900 1000

Time (ns)

slagdl o Sloj 30 o p Sed gee e olad L8, T S0
O 5 ¥ MY 5d Glass il 5o 4leS g o

Radius (mm)

35 GBals gleaez 5l Lawdly slal (285,185 )0 b s
P2 Sed gy S & IS Sloy L3, Goged ala>de
Sy bgrpe Gloj V5o 5yl 51008 se 0yl alind
ool yliad F S 0 00 9 ¥ MI 5 slass sl sl Lawdl

R W

ns b by V- #F NM z g0 Job L NA:YAG Q zdges 55
ol el oads solaiul oy 3 Glgreas YHZ JISG &5 5
lsn 5> gy W ee ppiadl S uliol Wiges (55, 2 53
20,5 oo 3 yeie YA CM SgilS alold L (g5 Lawgs ¢ jausl
"o P9 O FY Y M polie Glls wged 555 25 55
plsl 51 8 e j2 55 Jie]ss bawsgs 550 cnl &5 wil
2 55 ASI S 5 | oghie (s5eSoill Ginles]
5o O Srlie shls 5l (eSsld g U S
Ly Glis s jshitey a5 aileS 5 aibiee VY -0
OYY NM z50 sk L NAYAG 550 Sigo,la 05,5 oo oolaul
55 (S5 ilhe w3l se Y HZ 1S5 Sial 5 Ve ns L Jsbo
S 4 S ) bS5 ey Glayid in onslSs
4 5500 leogogish auS oo Colua PD; g PDe (sloogsagigs
ol 55 sloj 8, B oas bt s sSuskeal S,
Sl SO ioles Gielesl o jo 1y aleS 5 e
90 65,8 ooy Stanford DSG 535 Juw L JLiws
il (s 56T sl o e 1y 5 59 s 5 5 1CCD
090 159 Sl 5 6B Oloy Sy Lot ol e

Sy ge 50 ICCD

Glan Polarizer

Nd:YAG
1064 nm

B.S  Dichroic
Taylor mirror

£ Y A—
PD, / N ﬂ / / N&:YAG ’
; 532nm
BS ——{"" Beam
| i Expander - PD,
Pinhole — — \___
Oscilloscope N
| XYZ _
M (B S G\
Lens  \ g i Easnr \
" |
Filler NN | |
Lens .
Fiber™ 5
i{
Attenuator generator
Echelle
ccp Spec.

L u,S.‘.\_;l PO Lgl;;.w}b oyl },,JUT Gmli.i.g_La)"I oleaz Y ISy
a6 Bl sla iy, oS

Com g mbs -

oo Sline bt S i a8 el ol b Slilis sblie )
- oo drlims Sy Slogil sy SA CopaS il 00l irog>
@l 6,95 gyl 5l ailiee Bolo B9 Lauls; laren 9 098
35 2 Slp g s 9 SHU lewdl Lulpd 90 e )3 wead
d.u:la‘sa oﬁ)lf J.:ls 0l g o0 ud&d? Ja}.la> 3,90

V4


http://opsi.ir/article-1-389-fa.html

[ Downloaded from opsi.ir on 2025-12-08 ]

2.0E+22
1.8E+22 1
1.6E+22
1.4E+22
1.2E+22 1
1.0E+22 1
8.0E+21
6.0E+21 -
4.0E+21
2.0E+21 1
0.0E+00

n,I@m?

0 100 200 300 400 500 600 700 800 900 1000 1100
Time (ns)

B0 M (6530 )0 porteagll Sz Sloj Sl s # S5

5 poesll I 4 bipe polie oIS L 5o LG o

1.5x107° Togam olfiyle;l pi (6,05 mb dbowsdly sles

| o..\.g‘é)f o”]ﬁ

& 5 Al -0

b aw ) esliinl slas  mdz 6985 (Bl Gl o
280 ek Ledly syl )l aculs Cya 0ol iy
Syglp > a5 A8 oo olping dlie ol cwl a5 ail)l
el as Sl cwles Sl cuanl deadly slo il b 5l a8
28,5 blod Slwls 0 w00 )5 o b o305 4 oxie

&=y

1 AW. Miziolek, V. Palleschi, |. Schechter, Laser
induced breakdown spectroscopy, Cambridge University
Press, (2006).

[¥] H. Y. Moon, K. K. Herrera, N. Omenetto, B.W. Smith,
J. D. Winefordner, On the usefulness of a duplicating
mirror to evaluate self-absorption effects in laser induced
breakdown spectroscopy, Spectrochimica Acta Part B:
Atomic Spectroscopy, 64 702-713, (2009).

[¥] W. Lochte-Holtgreven, Plasma Diagnostics, (1968).

[¥] G. Colonna, M. Capitelli, A few level approach for the
electronic  partition function of atomic systems,
Spectrochimica Acta Part B: Atomic Spectroscopy, 64
863-873, (2009).

(8] F. Rezaei, S. Tavassoli, Developing the model of laser
ablation by considering the interplay between emission
and expansion of aluminum plasma, Physics of Plasmas,
20013301, (2013).

(¥] 1. B. Gornushkin, L. A. King, B.W. Smith, N.
Omenetto, J. D. Winefordner, Line broadening
mechanisms in the low pressure laser-induced plasma,
Spectrochimica Acta Part B: Atomic Spectroscopy, 54
1207-1217, (1999).

Y1 N. Konjevi¢, Plasma broadening and shifting of non-
hydrogenic spectral lines: present status and applications,
Physics Reports, 316 339-401, (1999).

A

et g oSl AVAY oo Ve LA

1.2E+06

50 mJ
1.0E+06 -

- 30mJ

8.0E+05 4
6.0E+05 -

4.0E+05

Velocity (m/s)

2.0E+05 A

0.0E+00

100 200 300 400 500 600 700 800 900 1000
Time (ns)

mJ i Bl Glp ley G b zae S Dl sy F JSS

Deg Ve

Jsb @50 sy b sl 5l G5 S8 6,18 L
Ll 55y 6 Bale plas 5l Sloy alaxd o 0 Lewdly

NIST slaools Jsaz 5| sk bshas 4 by e slaculi (o5
S los 5l (b &g puted slowodly o ((F) dolas 4o

dws 6l Aolae dws 050 > b 00,5 0 955 gl &b g
oo dalne y3Sie slo el ey Lol alind a0 (s

63)5‘ 6‘4,9 1) Lo.,.u)b sk ‘:’La)’ ulj,..uu o s ‘jj.l.g.l )’l gl
&S johiles WS ge ydS e 69,50, L O MI 5

39 00us )T 0w buyas Ledly loy 435 L 00,5 oo alaxdle

03,8 oo alS o sles

9.5E+03
9.3E+03
& 9.1EH03
E‘ 8.9E+03 -

8.7E+03
8.5EH03
8.3E+03

2 8.1E+03
7.9E+03
7.7E+03

7.5E+H03

0 100 200 300 400 500 600 700 800 900 1000 1100
Time (ns)

oH-md 5 Gl sl leadly sles Siloy WY g 0 S

JEo oy U5 £ S ogsd wllasdle o5k, b
Veons Slojosl sl 00 M j5d (5,8 01, cus pauinegl]
e ol b S Sy 5, amse e ) i b

u‘)b u‘ﬁfﬁ“‘“" Sy Lw)b suLA) wdfl.vd:w‘

.Qé)f‘sc 03438


http://opsi.ir/article-1-389-fa.html
http://www.tcpdf.org

