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Sl JSall Ladul 4y jlaayls GllY) sl EHYBRIDG gl
il ba 3ad clual (Post-Processor) (ale gl p ae Caaddial
(o IS 3 BlSlaey Liad Cum | 5illy 4l JSill ) 3.l (Resonance Line)
1.45-0.9 nm o JSl Ll e paiuddl Hlaally odadll laay)
zdliy za ae i POSE-Processor she geliy  aladiul

.Ja=al EHYBRID6

SUD G 3alll ¢ 5l 5 gadl La 3O i) Aa Y1 5l sdalidall cilalsl)
BISkaall el clo 33U da g i cApedtiatll 4y Hlally

Calculation of Ne-like Ni collisionally
pumped laser output as function of target
length and pulses separation and other

parameter by using simulation codes

Abstract

In this research has studied emission from laser-plasmas
utilised for X-ray lasing produced by collisional excitation.
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The Ne-like Ni X-ray laser at 23.1 nm is investigated in detail
using the 1.5-dimensional fluid and atomic physics code
EHYBRIDG6. Directly measurable parameters are calculated
using the combined optical raytracing and saturation
calculation code 3D RAYTRACE. The energy output of a Ne-
like Ni X-ray laser as function of plasma length and the peak-
to-peak time separation between the main pulse 1.2 ps and 280
ps background pulse simulated using a combination of the
EHYBRID with RAYTRACE codes. The intensity of
resonance line and continuum emission between 0.9 and 1.45
nm emitted from Nickel plasma are simulated using the
development of a post-processor to the modified EHYBRID

code.

Key words: X-Ray laser, laser-produced plasma, collisionally
excitation laser, Plasma conditions, simulation codes.
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Ol Agnddl cligh) aladialy algall L) dad¥) @i 3
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adaidll dalal 5 LEY) Vo ) L S 551 3 all o oS aa sl
O3S (AN 8 Lgia ST 55 (0) Al aie Wil ] ()5S Larie
G iy Ul A pud) (8 J=2 5 Apa YW dendl 4] = 0 Led
ez O oy (558 5 3 lasal (Ao Jssaall Ne-like ions J-
Al O (a1 g A Y A el () ey Lia D) A 5l A )
sl () i) Placa Hlaelal] = 1 el boall iyl
DY il A = —1 oSiler e e a5 3 )Y
J =0 G Wlall 4yl 4y guadl (e lae Y (5 5l
oo oS ey Ghes ) =2 — 1 vy G lall & ek
a5 4l ey aadid Laie Ne-like jons 2 J = 0 — 1 <ylEny!
bl dpalad 3 UY) Y ame pe il 138 ) Lol Bl iy Al
3500 13g) Sla Ayl 3 S J = 2 5 1 JEEY) paaay Cumy & sl
Goall Lan L pabaat il 4l LoDl Jiaal 4l cllan alasialy
aie 5 Al sV 50 s Sl QWi ) 258 138 5 [30,28] Al
ol m Al e sl 8 J =0 — Tyl o<
:(Simulation Codes) s\Slaall zal » .4
AaiY) 50 el ety avaal 30 311 Ay gulall 3lSLaall e
Jeli agh e (Fluid) @leS LoDl it 3 slSlaall el o 2ol Ay
axa¥) o oot 8 A0 el Ll LBl aadis e 3de ol
el s el sl e Liadl slSlaa) mal 2ol [33-31,28] s
[33- bl Al AedY) o ey 250 5al) Gpead) Clal jo ¢l )
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olaiV) A a adl IS 2y Jilaiall saadll G (i (a0 alll gled
equation of ) alll i pein¥) dalae Jay malijnll oo ¢ all Joal)
AN G Ly A8 isie leal Navier-Stokes 4laixs s (continuity
Lo all wans o A il da g il la uas Alal) sl (8 Ala JS 8 A0S
sshd JS (A48 S S je e Legli€ 5 i oW1 5 i 5 IV 3 ) Aa 0
aa liely oall @l s e )5l ) se elatly A8l JUES) (addy Aia )
G aly Caagl salall aa 3l (abiaial (o gabipdl g 0.1 il
inverse Bremsstrahlung ) Sall &iliie y  pabaicl Aol g
(resonance absorption) (s siaill (abaie¥) daulss i (absorption
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21



i3l Jualill g Cingl) gl S adlaai S a3l Al JS) 30 A s
BLSLavall geal s aladiaily (o JAY) Jailea gl (any U3

J2S Aol 25 & ey fomaeaill Jale ol g A padl) 5l plas
OsSi [42] aaoal) (Ao e YU f sl Jale dad 2aat 25 38 ali il
AU el Jabaad S5 el sl e Jgemal) oS f = 0.3
Claa (S X g lanall 3l 5 jaaal) salall Jad (e Lol dag ps SN

AU (e ol Jalas sy s EHYBRID gl Jlerinls foal) 2dla

_ 92421731 (N2
Gv) = =72 (22 3)

nl)

— 14
7))
228) Jadll ds 3 gy, gy 251 Shgad) (8l S 2y, g idus
JEY) da e Jshb Ay, Al e Wlall g Lial) 45 ) 3l 45 pull (YW

O (3l laaY) baa S5 U F() SEE e sl Jelas A,

L) Gy s L
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o sal) A inia aladiuly oia jal) (5 sinal) b Lol &3 385 4408 O
Jal e Lol Jsb e Tk dilatia L3 of i [31] aliial)
osadl Jsb e uiladll Aum b o Al dadY) o Laml 5 g8
Gasall g Jal (e dane IS Gulaill AW gl ) G ) Lsaa skl
£ U5 Uns 5 Al 23 ) 30l e s Jl5 Laie ([46] 5_daliiall 3_yiiiall
Do A i S el OMA LBl dag b i al 13l 4gd Ll
axsll e ol AxdY) zoad skl jead) Jsh e il daY)
Ay 3 Leladl Ungpae Aledl) 4 JS Lo 3O DA (e A8 S0 ala))
() Al (0.1 «— 0) ey o dgiand) 435030 235 100 mrad dies
(2) S ma ge g8 LS (211 «— 0) (30 20 Qazs ) Ao 3 Laxie
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glall L) ¥ aleall Bllail) Jglall Coiad g ledll 45 3all dulall 40 30

G G laladl LoVl Ay 8 4 allia Gl a1 D6 Lawgll e
Plowes Gk oo duadilly @lld Cauay 5 4l JSI a2l (5 sisall
ladad JSiy Jla jall (5 stusal) 8 zlil) laiddl e Gl 5 38 25 ([43)]
ol A8 yra s 4dben Q0 AR jamy ol oLl Ll il oda s Liadls

S lall Claa Sy Al AN iy o ans 180 & adlSa s gLl
slaiY) & Guilad asa g ial i s Ladll skl ) saall Jsh e pledll
lll il Jiadal o B a3l Q] ade Japues ) La 3L skl

h z>0

e - ——— - - - —

- - b - -

Sl gl

z=()

z<0

s (31 (5 5all) gl e o ¢Sy ¢(3) S LY 5 LaYL il

D08 A Als sy il a8 L3P0 ez A s (1) siedd)

el Jualdll i, (Target Length) <aagdl Jshal b€ dyiad) 239
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sl sl Jsh e Al ¢y 585 Al 5 Ay 5alll 2sY) s i 0 3 JSA)
[45] bl sadl Jsha e oalSaiVl Il i LS L 30

andady A Jlsall 5V (6 siall 8 g Lall dndady A jlusall (IS,

daday (530 jlsall Cluad @il Lo 3B Jsha e 138 5 A 6 sl b
Die lal Lo #lind dla 30 e 4 50A Sa J oY) (5 sl (e g Ladl
Dl el a3 288 1388 5 Jadh 4 4 g A Adadi g J 5V (5 sisall G gl
bl ) saall Jsd e Loy Galda | = 0 dkaiil) e o (21 ¢ Ll
IS e oy I 4BV (e 20a] (S0 5 5 L O e dn s A s Lo 3B
Dol Wiy g1 580 8 LeilSa s Lgilalat) 4 At ) 5Si 5 Sl e (5 gina
O Ty 631 55l g lal) |l ol (s shnall A GulSasY) s (e S
Al ) ety AL 57 = 0 die zoall phad) e ahalily 7 = 7, ddasil)
el e o 2 g el Laias () S5 il el () LaS A8l (e

SEHYBRID (sl 3 pladi il 5LSlaal) gilii 5

‘RAYTRACE
35850 e b daial) u paill Jeall o) 138 8 adiall Jeall Sla,
Rutherford Appleton Laboratory ) sasiall 4Slaall 8 (5 3S yall
(Ne-like Ni) = &l 22391 ) 3l 0l 68 a5 o [47] (RAL, UK
(35°2p°3p 'Sy—3s® JLaM 38 4all 231 NM Amse Jsh aic
Claall JSll e calaal e 3 e s Jailas (32 5k 0 2p°3s 'Py)
G )l pladiuly gl ol JOA s (slabs) @l - dSs e
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JSG5 a5 s (VULCAN glass laser) 1.06 pm 4= 50 J s
A Ni analai Ll (a pre — plasma) A— Y1 L 330

2 X @35 280 ps e ——=ll &ld (background pulse)
4z, 516 mm sk (line focus) Baeba 41013 W.cm™2
lgiadis 1.2 ps lewasmd (Main pulse) dmla) izl Wi 100 um
100 4=ye 512 mm dsh B 4 7 x 101°W.cm™2
Do oA oo Aliaie Gl slas RAYTRACE geebi () Llaal ym
el il 205 L1y A8l diaiaie A jal) al sa g Al 225Y)
W a8 dia ) &l phady agll s tladl) J okl Jaf (e RAYTRACE
7 a0 e i) A LlSe 31K 58l A8l e Jgamall 2y 1ps
g badee Ne-like ion ! b s 4t o)) g 3l dalS e daslll
ad adl 3l VLAl e S aae o Ll naal) sl Ganals o
o lluall 534 8 Aeadiouall 5 JSll 250 580 Ll e gana s ok
dal o el Juany) cilaia) y il e 5 [48] Belfast
Ne-like ion 33 % 435 112
o) Ailide 3l aa iy EHYBRID el sl L

s ([47] aasdd) 0o 3l cnoadl deadl 8 deadieddl il
el Jax lbexiiul EHYBRID gl oo @l Lo Jpanll
Al Y Al G Jia¥) 3l Jealil) ypaail aliaiiy Liad s (RAYTRACE
Clualy (Al danill dad ) G1Y) danil) 4 () dpuariHl) Al
45 e a3 5 Caagll J shal S Ne-like Ni (o 4ol dpied) 4251 ) 340 dil

Aol ) s BlSLaall il
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Al Al 5 A plal) A6V sl (g JieY) a3l Jealdll a3l mm
Do e G s dhald dumdl o (4) JSAN e Baa3l 6l
oo Sl o Al el ey 315 300 ps s L ad Cplerdil

el e 33 salll Ay il il (a3 aa gy 4dl s Aad) daiY)
BSlaal) il 5 [47]

Ne-like Ni _Jd za 48 7 )a &l Ul (1) Jsasd) Gay Cas

sie RAYTRACE 5 EHYBRID (sl 3 alasinls agde J saanl) o3 s2)

1.2 Ayl Giicadll Jid G el Jealdll aUS 23,1 nm da sl J sk

eaall (e lgle Jsmmnll a3 Al Ay il il 5 300ps 4dsY) 5 ps

[47]
iy Sl poa A | AV oz A Al e ) Jaalill
Al Al (ps)
Ly el BSLaall el o alasinly
(mJ) (mJ)
0.0082 0.025 100
0.06528 200
0.15 0.12 300
0.09 0.0512 400
0.00407 500
1.00E-04 1.67E-04 600
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[A7] Famal il we L Jlia s 300pS A sY) 5 1.2 ps dpwai )l (yiiaasil

il (e 2L5) 300 ps el (e (indanll (i (e ) dualdl) S ey
(Ne-like Ni) 280 dyipad) 228V 50 3 ja A8Ua yaay Lidd (AL
EHYBRID 2l ahxaiuls (2p°3p 'S;—2p°3s 'P;) JLasdl (3é) sall
a3 ) il il a4 i g csagh J skl S RAYTRACE
Claisae e)yals ([47] wlS CCD flat-field alaaiul 4de Jsaal

28




Gall e M o sl Ghugy sl 2021 ale 12 aaal) 43 alaadl ) daaly dlaa

1 pum 4Slaws s 100 UM G225 2-12 MM (0 75l s J sy ilaal e
(5) J8) (S rmge oo LS

@A Ne-like Ni o3d zoa 4l 7 A 48a Ul (2) dsaadl oy

Jsh sie RAYTRACE 5 EHYBRID asbi s ahaiuly aile J guasll o

5 1.2 ps dpmd N (pianill Add o gl Jshal £ 231 nm A sl
[47] a2 0 e Ll Jsemall o5 ) Ay 2l i) 5 300ps 45!

iV Holzsadils | i) oz s dil Carell Jsha
Al Al (mm)
Ly il SlSlaall el s alasindly
(mJ) (mJ)

- 2.18E-4 1.5
0.0016 0.00441 2
0.0112 0.0194 3

- 0.0407 4

0.07 0.0578 4.3

- 0.0781 5

- 0.121 6
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Modelling of resonance ) :saill i jlaa) Aala L6
(line emission
Jual Sl EHYBRID 4Sialing el g 4 )3 el judll el jo it o3
el e (o)) die g Al bghall 4 laa) Clua oy (bl la
A8l lasiul; EHYBRID

o qy (@)

ij /1_0
JuEY) llaial Ay ¢ are JLE) Jal e Ll A ) GlS) Ny cua
Jsh A el e gl de 0 dlidly i h (JEEY) Jal (e e ladY!
EHYBRID L& JulS e aaally s JS ana @Vl baall da sa
O A S QY] Y axe Glaal LY EHYBRID geab p Jaass o
Gl eS8 Aexdiual (@bsorption oscillator) gebaia¥) ) s clad
112 J sisall laall cilas s a3 5 05 (f0Nization balance) cxldl
(3d-2p) 1= F-like ¢ 4 9 642 5 (3p-25) i Ne-like (5 45
bl (e 4 pusnall 4 plaal) o) JSall Le 0 Caplall ladlaia) 3lSlal

€=ZNL'A

o Sy Tl gam 488 5 La 5Ol il 13 Aainall Fye L) saill A8S0 )
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28l g el Jalae A 4 (Opacity) dasledll pre clua a5 28]
Jal (= (Holstein function) sl s als e aaizdll (escape factor)
AU Ua il gy Aidall Ja gladl) Clad agi 35 [49-51] hsd (g jad dashd
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Julaa s (population densities) Nj (1S LS BlSlas aladinly @l
e ol S (4) Aalaa) S s0le | okt (escape factor) T el
dS..:Jb (=a gﬁ:‘L il I'[Ot :\:\N\ EJJL;AS\ paid)

lior = (5)
h
Y N; A—(C)TAijdV

291 550 bl gl 3 Na-, Ne- and F-like ions s_ i) iy sadl (<) ()
4l L& (coronal equilibrium) isosS 0158 s & 055 Al
Szomamn Yol Y clea 8 dlld e el Y1 Al
o Adadl) aae LA A Claall dal e T gl dale 350 Ll
O s Tkl Tjlaal gl 550 Ll sy (5,80 o35 Al
e)al die eVl cpen A &5 sl | [53]pabiaiel) G gladY) 5 jlua
112 5 Na-like ion ¢ 3 )% 4 g 11 OS] Asudall Lo shadll slSlal) dilee
== F-like ion ¢« 36 45w 215 5 Ne-like ion ¢« 8% & s
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(6.b) ISl Wi (KAP crystal spectrometer) ishll (sbiall alasiuly
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.Post-processor gl s
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Ol G 45 HEall [47] A aal) 8 aadd wallS 25m ASlke s Be
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crystal spectrometer daw) s 4l &3 (Al u sl Calall =i 5 () 6 JS)
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Post-processor wasll Cus 5 mllas g Jaadll EHYBRID g pladinly

:(Conclusion) 4l 7

e Jualill waail RAYTRACE 5 Ehybrid (sl alasiuls L sl
i) ol Al Gl s A ) 5 juadll danill 40 0¥ Aanill (p JiaY)
o gl AUS 5 WS ccaagdl Jghl S Ne-like Ni bl dpud)
A3 lly day g Sl La 33 Apgdall da shadll Gluad Ehybrid gebin (ana
Post-processor @ale zalip ae lgle Jgpaall & Al Al alasil
Goladll ba sl il e Jgaall sy )50l gl lad 3ol sl

Lyt Al ilial) e Ll JSal Lo 33

35



a3l Jualdl) g ciagd) J ghal A€ aslual JSy frudaal) ¢ gy Asadll S 5 7 A ila
BlSlaall gl s aladiaaly o JAY) Jailua o) (lany SIS g

:(References) gl .8

[1] M. N. Rosenbluth and R. Z. Sagdeev, Eds., “Handbook of Plasma
Physics”, Volume 3. Physics of Laser Plasmas, A. M. Rubenchik and S.
Witkowski, Eds. (Elsevier Science Publishers, B. V., 1991), Chapter 9.
[2] A. ROCKWOOD, "Compact gain-saturated x-ray lasers down to
6.85 nm and amplification down to 5.85 nm," Optica, Vol. 5, No. 3, pp.
257-262, (2018).

[3] Tallents, G, J., 2003. The physics of soft x-ray lasers pumped by
electron collisions in laser plasmas. J. Phys. D: Appl. Phys. V. 36, No.
15, pp. 259-276.

[4] Carillon, A., Chen, Z., Dhez, P., Dwived, L., Jacopy, J., Jaegle, P.,
Jamelot, G., Zhang, Jie., Key, M, H., Kidd, A., Klisnick, A., Kodama, R.,
Krishnan, J., Lewis, C, L, S., Neely, D., Norreys, P., O’Neill, D., Pert, G,
J., Ramsden, S, A., Raucourt, J, P., Tallents, G, J., and Uhomoibhi, J.,
1992. Saturated and Near-Diffraction-Limited Operation of an XUV
Laser at 23.6 nm. Phys. Rev. Lett. V. 68, No. 19, pp. 2917-2920.

[5] Zhang, J., Zepf, M., Norreys, P, A., Dangor, A, E., Bakarezos, M.,
Danson, C, N., Walsh, A. Dyson, A. P. Fews, P. Gibbon, M. H. Key, P.
Lee, P. Loukakos, S. Moustaizis, D. Neely, F, N., and Wark, J, S., 1996.
Coherence and bandwidth measurements of harmonics generated from
solid surfaces irradiated by intense picosecond laser pulses. Phys. Rev.
A. V. 54. No. 2, pp. 1597-1603.

[6] Lin, J, Y., Tallents, G, J., Smith, R., MacPhee, A, Wolfrum, G, E.,
Zhang, J., Eker, G., Keenan, R., Lewis, C, L, S., Neely, D., O’Rourke, R,
M, N., Pert, G, J., Pestehe, S, J., Wark, J, S., 1999. Optimization of

36



Gall e M o sl Ghugy sl 2021 ale 12 aaal) 43 alaadl ) daaly dlaa

double pulse pumping for Ni-like Sm x-ray lasers. J. Appl. Phys. V. 85,
No. 2, pp. 672-675.

[7] Smith, R., Tallents, G, J., Zhang, J., Eker, G., McCabe, S., Pert G, J.,
Wolfrum, E., 1999. Saturation behavior of two x-ray lasing transitions in
Ni-like Dy. Phys. Rev. A, V. 59, No. 1, pp. 47-59.

[8] Kuznetsov, J., Filevich, F., Dong, M., Woolston, W. L., Chao, E. H.,
Anderson, E. R., Bernstein, D. C., Crick, Rocca, J. J., and Menoni, C. S.
2015. Three-dimensional nanoscale molecular imaging by extreme
ultraviolet laser ablation mass spectrometry. Nat. Commun. V. 6, pp.
6944,

[9] Vaschenko, G., Brewer, C., Brizuela, F., Wang, Y., Larotonda, M. A.,
Luther, B. M., Marconi, M. C., Rocca, J. J., Menoni, C. S., Anderson, E.
H., Chao, W., Harteneck, B. D., Liddle, J. A, Liu, Y. and Attwood, D. T.
2006. Sub- 38 nm resolution tabletop microscopy with 13 nm wavelength
laser light. Opt. Lett. V. 31, pp. 1214-1216.

[10] Brizuela, F., Carbajo, S., Sakdinawat, A., Alessi, D., Martz, D. H.,
Wang, Y., Luther, B., Goldberg, K. A., Mochi, I., Attwood, D. T., La
Fontaine. B., Rocca, J. J., and Menoni, C. S. 2010. Extreme ultraviolet
laser-based table-top aerial image metrology of lithographic masks. Opt.
Express. V. 18, No. 14467.

[11] Meng, L. M., Alessi, D., Guilbaud, O., Wang, Y., Berrill, M.,
Luther, B. M., Domingue, S. R., Martz, D. H., Joyeux, D., De Rossi, S.,
Rocca, J. J. and Klisnick, A. 2011. Temporal coherence and spectral
linewidth of an injection-seeded transient collisional soft x-ray laser. Opt.
Express. V. 36, No. 2164.

37



a3l Jualdl) g ciagd) J ghal A€ aslual JSy frudaal) ¢ gy Asadll S 5 7 A ila
BlSlaall gl s aladiaaly o JAY) Jailua o) (lany SIS g

[12] RockWood, A., Wang, Y., Wang, S., Berrill, M., Shlyaptsev, V. N.
and Rocca, J. J. 2018. Compact gain-saturated x-ray lasers down to 6.85
nm and amplification down to 5.85 nm. Optica, V. 5. No. 3, pp. 257 —
262.

[13] Matthews, D, L., Hagelstein, P, L., Rosen, M, D., Eckart, M, J.,
Ceglio, N, m., Hazi, A, U., Medecki, H., MacGowam, B, J., Trebes, J, E.,
Whitten, B, L., Campbell, E, M., Hatcher, C, W., Hawryluk, A, M.,
Kauffman, R, L., Pleasance, L, D., Rambach, G., Scofield, H, J., Stone,
G., and Weaver, T, A., 1985. Demonstration of a Soft X-Ray Amplifier.
Phys. Rev. Lett. V. 54, No. 2, pp 110-114.

[14] Lee, T, N., McLean, E, A., and Elton, R, C., 1987. Soft X-Ray
Lasing in Neonlike Germanium and Copper Plasmas. Phys. Rev. Lett, V.
59, No. 11, pp. 1185-1188.

[15] Nickles, P, V., Shlyaptsev, V, N., Kalachnikov, M., Schnirer, M.,
Will, 1., and Sandnerl, W., 1997. Short Pulse X-Ray Laser at 32.6 nm
Based on Transient Gain in Ne-like Titanium. Phys. Rev. Lett. V. 78, No.
14, pp. 2748-2751.

[16] Dunn, J., Osterheld, A, L., Shepherd, R., White, W, E., Shlyaptsev,
V, N., and Stewart, R, E., 1998. Demonstration of X-Ray Amplification
in Transient Gain Nickel-like Palladium Scheme. Phys. Rev. Lett. V. 80,
No. 13, pp. 2825-2828.

[17] Warwick, P, J., Lewis C, L, S., Kalachnikov, M, P., Nickles, P, V.,
Schnu “rer, M., Behjat, A., Demir, A., Tallents, G, J., Neely, D.,
Wolfrum, E., Zhang, J., Pert, G, J., 1998. Observation of high transient
gain in the germanium x-ray laser at 19.6 nm. J. Opt. Soc. Am. B. V. 15,
No. 6, pp. 1808-1814.

38



Gall e M o sl Ghugy sl 2021 ale 12 aaal) 43 alaadl ) daaly dlaa

[18] Kuba, J., Klisnick, A., Ros, D., Fourcade, P., and Jamelot, G., 2000.
Two-color transient pumping in Ni-like silver at 13.9 and 16.1 nm. Phys.
Rev. A, V. 62, No. 4, pp. 43808-43815.

[19] Nilsen, J., MacGowan, B, J., Da, Silva, L, B., and Moreno, C.,
1993. Prepulse technique for producing low-Z Ne-like x-ray lasers. Phys.
Rev. A. V. 48, No. 6, pp. 4682-4685.

[20] Daido, H., Kato, Y., Murai, K., Ninomiya, S., Kodama, R., Yuan,
G., Oshikane, Y., Takagi, M., and Takabe., 1995. Efficient Soft X-Ray
Lasing at 6 to 8 nm with Nickel-like Lanthanide lons. Phys. Rev. Lett. V.
75, No. 6, pp. 1074-1077.

[21] Cairns, G, F., Lewis, C, L, S., Lamb, M, J., A. MacPhee, G., Neely,
D., Norreys, P., Key, M, H., Healy, S, B., Holden, P, B., Pert, J. G, J.,
Plowes, A., Tallents G, J., and Demir, A., 1996. Using low and high
prepulses to enhance the J = 0-1 transition at 19.6 nm in the Ne-like
germanium XUV laer Optics Commun. V. 123, No. 123, pp. 777-7809.
[22] Behjat, A., Lin, J., Tallents, G, J., Demir, A., Kurkcuoglu, M.,
Lewis, C, L, S., MacPhee, A, G., McCabe, S, P., Neely, D., Wolfrum, E.,
Healy S, B., and Pert, G, J., 1997. The effect of multi-pulse irradiation on
X-ray laser media. Optics Commun. V. 135, No. 135, pp. 49-54.

[23] Yuan, G., Murai, K., Daido, H., Kodama, R., and Kato, Y., 1995.
Two - dimensional beam characteristics of tripke-pulse pumpinga Ne-
like Ge soft x-ray laser at 19.6 nm. Phys. Rev. A. V. 52, No. 6, pp. 4861-
4866.

39



a3l Jualdl) g ciagd) J ghal A€ aslual JSy frudaal) ¢ gy Asadll S 5 7 A ila
BlSlaall gl s aladiaaly o JAY) Jailua o) (lany SIS g

[24] Tommasini, R., Loéwenthal, F., and Balmer, J, E., 1999. Saturation in
a Ni-like Pd soft-x-ray laser at 14.7 nm. Phys. Rev. A. V. 59, No. 2, pp.
1577-1581.
[25] Sebban, S., Daido, H., Sakaya, N., Kato, Y., Murai, K., Tang, H.,
Gu, Y., Huang, G., Wang, S., Klisnick, A., Zeitoun, Ph., Koike, F., and
Takenaka, H., 2000. Full characterization of a high-gain saturated x-ray
laser at 13.9 nm. Phys. Rev. A. V. 61, No. 4, pp. 043810-0438109.
[26] Dunn, J., Li, Y., Osterheld, A, L., Nilsen, J., Hunter J, R., and
Shlyaptsev, V, N., 2000. Gain Saturation Regime for Laser-Driven
Tabletop, Transient Ni-Like lon X-Ray Lasers. Phys. Rev. Lett. V. 84,
No. 21, pp. 4834-4837.
[27] Janulewicz, K, A., Lucianetti, A., Priebe, G., Sandner, W., Nickles,
P, V., 2002. A table-top collisional Ni-like Ag X-ray laser at 13.9 nm
pumped by single picosecond laser pulse. AIP Conference Proceedings.
V. 641, No. 1, pp. 26-30.
[28] Holden, P, B., Healy, S, B., Lightbody, M, T., Pert, G, J., Plowes, J,
A., Kingston, A. E., E. Robertson, Lewis, C, L, S., and Neely, D., 1994.
A computational investigation of the neon-like germanium collisionally
pumped laser. J. Phys. B. V. 27, pp. 341-367.
[29] R. C. Elton, “X-ray lasers”, Publisher Academic Press (1990).
[30] J. Nilsen, B. J. MacGowan, L.B. Da Silva and J. C. Moreno, Phys.
Rev. A 48, 4682 (1993).
[31] Pert, G, J., 1983. The hybrid model and its application for studying
free expansion. J. Fluid Mech. V. 131, pp. 401-426.
[32] Jacquemot, S., and Bonnet, L., 1997. Investigation of Ne- and Ni-
like collisional excitation schemes in plasmas driven by multiple laser
pulses. Proc. SPIE, V. 3156, 10.1117/12.293386.

40



Gall e M o sl Ghugy sl 2021 ale 12 aaal) 43 alaadl ) daaly dlaa

[33] Nilsen, J., 1997. Analysis of a picosecond-laser-driven Ne-like Ti x-
ray laser. Phys. Rev. A. V. 55, No. 4, pp. 3271-3274.

[34] Zimmerman, G, B., and Kruer, W, L., 1975. Numerical simulation
of laser-initiated fusion. Comments Plasma Phys. Controlled Fusion. V.
2, No. 2, pp. 51-60.

[35] Christiansen, J, P., Ashby, D, E, T, F., and Roberts, K, V., 1974.
MEDUSA a one-dimensional laser fusion code. Computer Phys. Comm.
7, No. 5, pp. 271- 287.

[36] Bodner, S, E., Colombant, D, G., Gardner, J, H., Lehmberg, R, H.,
Obenschain, S, P., Phillips, Lee., Schmitt, A, J., Sethian, J, D., Seka, W.,
Verdon, C, P., and Knauer. J, P., 1998. Direct-drive laser fusion: Status
and prospects. Phys. Plasmas. V. 5, No. 5, pp. 1901.

[37] Pert, G, J., 1987. The use of flows with uniform velocity gradient in
modelling free expansion of a polytropic gas. Laser and Particle Beams.
V.5, No. 4, pp. 643-658.

[38] Pert, G, J., 1978. Algorithms for the calculation of ionization in
rapidly changing plasmas. J. Comp. Phy. V. 27, No. 2, pp. 241-255.

[39] Pert, G, J., 1981. Efficient integration of the time dependent
collisional-radiative equations J. Comp. Phy. V. 39, No. 2, pp. 251-271.
[40] G. F. Cairns, S. B. Healy, C. L. S. Lewis, G. J. Pert and E. Robertson, J.
Phys. B 29, 4839-4854 (1996).

[41] R. E. King, G. J. Pert, S. P. McCabe, P. A. Simms, A. G. MacPhee, C. L.
S. Lewis, R. Keenan, R. M. N. O’Rourke, G. J. Tallents, S. J. Pestehe, F. Strati,
D. Neely, and R. Allott, Phys. Rev. A 64, 053810 (2001).

[42] Y Abou-Ali, Q L Dong, A Demir, R E King, G J Pert and G J
Tallents, "Quantitative simulations of short pulse x-ray laser,” At. Mol.
Opt. Phy., vol. 37, pp. 1-14, (2004).

41



a3l Jualdl) g ciagd) J ghal A€ aslual JSy frudaal) ¢ gy Asadll S 5 7 A ila
BlSlaall gl s aladiaaly o JAY) Jailua o) (lany SIS g

[43] Plowes, J, A., 1995. Ray optic of X-ray lasers. Ph. D. Thesis,
University of York

[44] Toft, D., 1979. Numerical modeling of plasmas produced by long
pulse lasers. Ph. D. Thesis, University of Hull.

[45] Robert king, "Computational Modelling of Short Pulse X-Ray
Lasers" PhD thesis (University of York, UK) (2001).

[46] Plowes, J, A., Pert, G, J., and Holden, P, B., 1995. Refraction
compensation by target curvature in X-ray lasers. Opt. Commun. V. 116,
pp. 260-268.

[47] Y. Abou-Ali, G. J. Tallents, M. Edwards, R. E. King, G. J. Pert, S.
J. Pestehe, F. Strati, R. Keenan, C. L. S. Lewis, S. Topping, O. Guilbaud,
A. Klisnick, D. Ros, R. Clarke, D. Neely, M. Notley, A. Demire, 2003-

Measurement of the duration of of X-ray laseing pumped by an optical

laser pulse of picosecond duration. Opt. Commun. 215, 397— 406.

[48] A. Kingston, In X-Ray Lasere 1990, volume 116, pages 289-296
(IOP Conf. Series, 1990).

[49] Holstein, T., 1947. Imprisonment of Resonance Radiation in Gases.
Phys. Rev. V. 72, No. 12, pp. 1212-1233.

[50] Holstein, T., 1951. Imprisonment of Resonance Radiation in Gases.
I1. Phys. Rev. V. 83, No. 6, pp. 1159-1168.

[51] Sobolev, V, V., 1957. The Diffusion of Lalpha Radiation in Nebulae
and Stellar Envelopes. Sov. Astron. Astrophys. J. V. 1, pp. 678-689.
[52] Abou-Ali, Y., Demir, A., Tallents, G, J., Edwards, M., King, R, E.,
and Pert, G, J., 2003. Comparison of simulated and experimental time

resolved emission for a Ne-like nickel x-ray laser. J. Phys. B. V. 36, pp.
4097-4106.

42



Gall e M o sl Ghugy sl 2021 ale 12 aaal) 43 alaadl ) daaly dlaa

[53] Pestehe, S, J., 2001. Spectroscopic studies of X-ray laser media. Ph.

D. Thesis, University of York.

[54] Boiko, V. A., Faenov, A. Ya. and Pikuz, 1978- X-ray spectroscopy of
multiply charged ions from laser plasmas. S. A. J. Quant. Spect. Radiat. Trans.
V. 19. pp. 11-50.

[55] Gordon, H., Hobby, M. G., and Peacock, N. J. 1980- Classification

of the x-ray spectra of transitions in the Ne, F and O | isoelectronic

sequences of the elements from iron to bromine and in the Na |

isoelectronic sequence of gallium to bromine. J. Phys. B.13. pp. 1985-
1999.

[56] Cowan, R, D., 1968- Theoretical Calculation of Atomic Spectra
Using Digital Computers. J. Opt. Soc. Am. V. 58, No. 6, pp. 808-818.

43



i3l Jualill g Cingl) gl S adlaai S a3l Al JS) 30 A s
BLSLavall geal s aladiaily (o JAY) Jailea gl (any U3

44



IS g ) a3y BBy R (38 ) (udagl) graiall (agh

d Ll Jaal Galyoll g ill psnall jagais
yarigll pogdis il ol siicul,

dae s gisal)
el L) daals — Aslagiaally cUaTY) dwaia LS

uaAJA
AL dalady) daliy JlalV) dalail auead dahall JSLaN (o gondall Say
OS5 ol e By JalS <8 e Galddll (Ka Y Gua
Glogleal) 5L 038 Chow Cun )i guaall ploil S il galall Say
(OFDM:  acleiall 231 apcdtty poentll Aaliil 3 Lageady cdluyll
ady YAl I,ki, «Orthogonal Frequency Division Moltiplexing)
padall Al e cibise 4 Wl play 2 b Gl JELy s asl
LMS: i L) clia)leall aladind (Say ¥ Gl Ciliaall panl] oaaglal
Laylsd ol Al Gadl) Caagy Nagly caialladl layey Least Mean Square
il ) Al bl e leisn dia)lal) o3 cidl Cus atalladl saaa
Gapal) daiil) Galissly lead) aias (aliaily bl dal Ge e dede
S IS o dall ) 5Ly dawi 8l & aaliy 13ag Uadl) 5LaY gyl

daalidal) clalsl)
Conlil e el Allal U sl sl ¢ ol ganal) (SR wdyall

45




Reduction the impulsive noise
associated with signal transmission

using adaptive filter

Abstract:

Noise is a problem associated with all communication systems,
especially wireless systems where it can not be completely
eliminated, but mitigated as much as possible.

Implusive noise is the most harmful type of noise as it distorts the
transmitted information signal, especially in OFDM systems, since
it is not subject to a gaussian distribution, therefore, the cost
function of the error signal is different from the additive white
gaussian noise, so conventional algorithms such as LMS and
others can not be used to process it. Therefore, the research aims
to propose a new algorithm to process it and this algorithm proved
its superiority over traditional methods that were used before in
terms of its simplicity, low computational complexity, and a lower
least mean square value of the error signal, and this contributes to

significantly increase the signal-to—noise ratio.

Key words:
adaptive filter, Impulsive Noise, error signal, Mean-Square Error,

convergence rate.
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Application of the Six Sigma
Methodology in the Manufacture of
Plastic Containes for the Filling of
Mineral Oils

""A Case Study: Oil Mixing Plant in
Homs Refinery"

Abstract

This research provided the method of applying SIX SIGMA

methodology and its use in analysing the defects of the

production process applying statistical and analytical methods
to reduce them.
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The main objective of this study is exploring the efficiency of
using SIX SIGMA technique in identifying and analysing the
essential causes of defects and finding the curative procedures
to eliminate them using DMAIC (Define, Measure, Analyze,
Improve and Control) cycle. This research was carried out
under practical experiment in the factory of mixing mineral
oils that has a production line of plastic packaging with a
capacity of 4 Lit that is made from recycled highdensity
Polyethylene

R-HDPE. In the end of the research, the researcher proved
that the SIX SIGMA methodology has a role in the reduction
the percentage of production defects from 16.3% to 6.3%, and
improve the level of sigma in the factory from 3.4 to 3.9,
which indicates improvement in the ability and performance of
production process in addition to the increase in efficiency,
these results are evidences of this application success.

Key words: Sigma , Six Sigma, Six Sigma Methodology ,
Quality , DMAIC Cycle , Process Capability Analyze ,
Extrusion Blow Molding , Recycled High Density
Polyethylene.
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Human Activity Recognition and Fall
Detection Using Inertia Sensors of
Mobile Phone

Abstract

Inertial sensors (accelerometers, gyroscopes) became
important components included in approximately all smart phones,
and used in many applications. In this work, a dataset has been
recorded from an accelerometer and a gyroscope of a smart phone
carried by 10 volunteers while executing 7 actions, 6 normal daily
actions beside of simulation of fall. Volunteers have executed every
action many times. An intelligent system for human action
recognition was designed, trained and tested using recorded data.
The recognition system depended on a mechanism to nullify the
effect of change in smartphone orientation while it is carried, and in
feature extraction it depended on statistical features, and for
classification it used a modified multi class SVM of type (1 VS all).
A 92.52% classification accuracy was accomplished, and Wilcoxon
signed rank test showed that the proposed classifier significantly
outperforms KNN and traditional multiclass SVM at significance
level of 0.05.

Keywords: Machine learning, Support vector machine, SVM, Genetic algorithm, GA,
Inertia sensors, Human activity recognition, HAR, Smart phone.
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Design of a Network Intrusion Detection System
‘Using Complex Deep Neuronal Networks

D. Basim Oumran Malak Fetaroni

Abstract:

With the tremendous scientific development in various scientific
and industrial fields, and as a result of the use of networks of
various kinds (computer — communications and information), and
in order to protect these networks from penetrations, scientific
studies began to detect intrusion of all types. In this research: 1-
a new network intrusion detection system has been designed
using complex deep neuronal networks capable of detecting
cyber—attacks, 2— and it is also trained and tested on the standard
dataset KDDCUP99 on pycharm program, 3—- good results were
obtained, 4- as it was compared with intrusion detection methods
using similar deep neuronal networks and traditional machine

learning algorithms.

Keywords: Cyber Security, Intrusion Detection System, complex
Deep Neural Networks, Deep Learning, KDDCUP99 dataset,

Computer Network.
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Algorithm Accuracy | Precision | Recall flscore FPR
DNN-New 0.949 0.999 0.915 0.955 0.001
DNN-3 0.928 0.999 0.915 0.956 0.001
Ada Boost 0.925 0.995 0.911 0.951 0.005
Decision Tree 0.931 0.999 0.915 0.955 0.001
K-Nearest 0.929 0.998 0.913 0.954 0.002
Neighbour

Linear Regression 0.846 0.988 0.819 0.896 0.012

Navie Bayes 0.929 0.988 0.923 0.955 0.012
Random Forest 0.927 0.999 0.910 0.953 0.001
SVM-Linear 0.811 0.994 0.770 0.868 0.006
SVM-rbf 0.811 0.992 0.772 0.868 0.008
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