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Investigating the effect of the Runaway electrons energy on the reflection of these
electrons from the limiter surface of Damavand tokamak

Ataeiseresht, Laleh'; Abdi, Mohamadreza'; Pourshahab Banafsheh 2; Rasuli, Chapar?

! Department of Physics, University of Isfahan, Isfahan, Iran
2 Plasma and Nuclear Fusion Research School, Nuclear Science and Technology Research Institute (NSTRI),
Tehran, Iran

Abstract
One of the problems raised in recent years about the performance of fusion reactors is the runaway electrons.
Because these electrons are deposited locally and in a time range of milliseconds on plasma facing components
and caused intense heat transfer and consequences such as melting, corrosion and cracking of them which
includes the tokamak wall, limiter and divertor. Therefore, the need to study the destructive effects of runaway
electrons on the plasma facing components, is one of the most important issues related to the design of
tokamaks. In this simulation, using the Monte Carlo code of Geant 4, the amount of reflected electrons from the
stainless steel limiter in Damavand tokamak was calculated for several single-energy electron beams with
different energies. It was concluded that with the increase in the energy of runaway electrons, the amount of
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reflection of electrons from the target surface decreases and as a result, their penetration, interaction and energy
transfer to the target also increases, therefore the amount of energy deposition from these electrons increased on

the limiter, which itself causes more damage on it.

Keywords: runaway electrons, energy deposition, reflection of particles, Limiter, Damavand tokamak
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The Role of Channel Shape and Laser Parameters in Plasma Beatwave

Accelerators
Motahareh Arefnia', Mohammad Ghorbanalilu?
2Department of physics, Shahid Beheshti University, Tehran, Iran
Abstract

This study investigates plasma wave amplitude in the tapered plasma channel using both analytical
methods and particle-in-cell (PIC) simulations. This study presents an optimized plasma channel
configuration for beatwave accelerators that generates stable, enhanced wave amplitudes which by
utilizing chirped laser pulses (CPA) even under nonresonant conditions. Through theoretical
analysis, we solved the equations for plasma waves produced by two propagating laser beams in a
tapered channel. The results demonstrate that the tapered configuration significantly enhances
plasma wave amplitudes compared to conventional untapered channels, with excellent agreement

between analytical approach and PIC simulations.
Keywords:Chirped Laser pulse, Plasma beatwave accelerator, Tapered plasma channel
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Particle-in-cell simulation of plasma gratings generated by a beat wave in the
interaction of high-intensity lasers with plasma

Fatemeh Mohammadian, Mahsa Sedaghat, and Ali Reza Niknam
Laser and Plasma Research Institute, Shahid Beheshti University, Tehran, Iran

*Corresponding Author's Email: fatemehmohammadiyan3@gmail.com

Abstract

In this study, electron density gratings formed as a result of the interaction between intense laser fields
and plasma, and the subsequent generation of Beat wave, are investigated using two-dimensional
particle-in-cell simulations. In this structure, the non-uniformity of the laser field leads to the application
of the ponderomotive force and the displacement of electrons, resulting in the formation of periodic
density structures and mobile electron lattices in the plasma, while the ions remain almost stationary
due to their large mass. The temporal and spatial evolution of these gratings, influenced by the
characteristics of the electric field and density distribution, is analyzed. Simulation results indicate that
these periodic structures move over time, and the values of electron density, electric field, and phase-
space variables simultancously reach their maximum and minimum values, demonstrating significant
synchronization and coordination in their behavior.

Keywords: Plasma gratings, High-intensity lasers, Beat wave, Ponderomotive force

10|Page



11|Page

wiaAE~ i

25 Syge 4 e uSdl Hlsl JI8Ks aolee as wisls Ll

Tl e s

9 8n,
at?

¥ _ y @
+ wpdne =c o=y M)
Ne H9pS &> ail o ONe = N — ) ] 0 a5
Cred el o0l Oy « 1 No Loeodly 4l k_leig a4
ol S gl Lewdly il 3wy = Yrnge’ /m

YA W
Iy = «/YAX omz X % e Uil o
(av=a\=-/‘°) [\-=‘/qu\'\'\07‘:2)

HTRY W PR DU Jig DN P FYCRR WY [ DV [RRCIw PR Wapge- gt

Yy =\ +%[a§a$ + va,a, cos((k\ + k)x
- (w\' - w\)t)] (Y)

gy o K=K (1= 707 o1 50 45 3380 Ol
ué).él{.q....,l‘)l})oc,.eo.xsk. =%,L<...AL3‘ 59
Log o)l 80929 JBs ;0 IS s ol o asl
S ONnele=. =+ 'ag:le [e=. =+ adgl Lalys
s 4 5 Dyee & (1) Wolas Joby 59,5801 (Dl

RV g

k\' Y
caay _ . :
—[sin(Ykx) sin wpt
1
— wptsin(Ykx — 8t) )

SE> sl a5 sas e ol Yhx — 6t ole

2lad 090 b S e (5,95 Djge a4 (g Sl (DS
§ g
L b (gl ol ol U=n \_A‘)“BA=;

o A Smgd 0 Jolw 53 0,8 (giluad sl eslaul

on, = —

PR il oo pledly S e e 5,90 Sl
a5 b Geamln O boosd ol 9o a5 Sl oal
o) 0 3l 5 el Loy (il 53 ol Ll il 8 DL
O e 9 Mg (oo @S, slewdly O)ly cnl) 5
A p9d 9 sl i Ol e Jobo aS (o0 adgs

EACa
PEP 2025
awiBvy(j CoEAz

HE PR V-
9 o e S 4 Leadly b il sl 5 iSen
Sy Gyt Suid pe Slegdge Sl ed 1S slas S
wOlyd sasmoclid jdai olag,ald (0 (gudS A g 09 g0
Syl [V] ssty 8 glatus odgmen g (Sl andl aolio
Sle 5588 JeSK25 039> cnl )3 Az BB sleonyy 5l (S
2ad ()5 Gl 90 iSen Sl p S pte (Sg 2SI (SIS
@@ )5 L (sl sla)bsle a5 el JBa @S Ladly )
Ny 598 Sealiys J 7S 5 Vb e slacSisse la sl ez
5 5e330,00L (S9,m l Cod Baee la)lisle ol 0]
B a5 Gl ohy 4 Wgbge Slml (5 zee Ol
Lol g adl plp Leadly (ormrle (WS L 55 93 (il 3
Ol S sl b alyd (i 098 )85 (il
o9 GRS UKD g wad Dllugs dedly (slagyg il 5
9 lewdly (s pd Sealus p g o)l Jis 4l JKs slo
ols aten wliiss Y] el 138,50 L, glaan] s
SilgT g Lawdly (slosially b 5 Sad s 45 ailesls
ool (00 oS 55,50 | b gs ool Slsle
Sontt OlSal 03 izl ol€Eis 48 eudplonl Ltk szed
ol oy ST g b Sl ool b (29,5 (b o9l
2 Joke 53 0,5 (S5lotnnd 5| (6505000 L eyl ol 5o Y]
Ol 9 (Fo Sl (B Gl slad wile ola Sy g
s Gy A (S slacs g8 &S > g 0ud anlllas (S S
W 33,5 )5 (s 2 3590 3:5909,850 (59500 53l
1S9 (S b (5,95 smgd il
SN B slas,g wom 90 ileand jslate 4
gz D 5 5 S 90 593 n (AL AT S e
P XY axio ;3 555 SR 99 S9bies 2P el S0,
Jedo @ lapyg &5, 0S (00 3,95 2 oo 4 Al slace
dgae Vol Ko 4y 09l oo ad S o0u0l Ll oLy p>
adgl Jolre o aShl @ azgi b [F] (5080 S ond
Sy Olgies el b oligS 398 (6,5 Ll S Julss
Chens PSS e a5 95 (28 5 285 sl | g
el ok 4 O)en 9 Sl 010 g2 g iU SIS 50



wiaAE~ i

SBL Lol 9 Sl slacee s cdayl i 0nl 5820 725 o
s b Slade 5l Zlgel ol g esls s I 1 g5
LoDy zg0 oy Jos 2 Vgano Conidg cnl S e
hid Jol> Sl was oo &) gledl al> e 4y (59 2SI
Sl FE/0fS loy bl Loyis o oalisS woe sly
&595 & Slrets 4 Lewdly 90 )l dileoe (S
el Slyass Cnl g 9ol (S glodl al> o 55 (9 2SI
9o 50 ki Lewdly mae S0, 09l se (588 Apndl
5 5551 el 5 LoDy el L Ll (uilS 6 3olkes
S9SN (S @98V JShysadlee sl oty 5,k

. = — 1597 1507,
' MANA~
{ T : Py /\ p —\wz/ 17,
MMMJ J M IV VY il/l// Vi ¢

vic

Cow Gow) Uy Slaiss 0 9580 5 glad S
Sz 5 (Gle O3 Ex oWl (S mSI s (e,
Ao 3O w3 Saew Gg) Me/TNer G958 sond Loy
(©t = WAT.(B)t = VAT, (@)t =_ibo;  abia
calold s 5 VOAT,

s (D) 590 sles (@) > g0 501, (ol (S 2SI loe o
S s, oS, (S ol jo e e lis S0y
ooy Cd8 b il S S Glase Sl 5 (2SI
U mee &S, 5l AU LSl aST il sl sols oles
S, ey il ab iy slaysd 0530 5l Jel>
Slde cpl a5 Conl oud dpwle V=2/4AC L iy las,es
Syl (ldow il b oe5 aallas

x(nmy™ - b x(um)

k;‘lf.? ‘sLbd)QS oS > )‘| Sooy 9,90 sles (a) ¥ S
5 S0 g 90 sles (b) talold w5 I s @9,.&.”
ubw)aéa)ﬂIQ‘Mglr_uJP

12|Page

EACa y C/
PEP 2025
awiBvd(j Co EAz

Ay = /AT um 3 Ay =V /Aum L
9 X a7 olaiel ;0 jieg, Ko YYF Ldl olayl aiin
el ool a8 )5 lai 0 Y jemee olaial o ey S VoA
el oul plwl G jgo cpl A eyl «5}‘-‘“*-'-; o
Tse o0 Kp & ladsb 5 Ladly (il 3 Wp & bagle;

@ S plare g 88 S € 4 e s g Ledh
238 Oldse o axy (g asals @g 5By = "L,
ol a ¥ X VP 1) gl and @l,d olaws bl e
38 ol 58 38.0,5F 15 s 6,5 9,5 ke Sliind g &,8 3l 2g8
sl Slwbre oy rals (gl wiloads axs )5 las
Sl B el oad ad )5 Ll 0SS Ll
adyl Sy N =mew!/Te’ Ll Ly

w‘o&@sdl)mgsllﬁ?mdfw%
Gl b o bl cwl M= /0 Y 0,

. Y R " " o o
—o SINT D00 4 Lsl (Gloj by 5 (ool Dy90
il K4S 035, esliiul Osiris o5 5l eyl o .asb

5 Sl LRVE ) sl il as gl 4.3).2_._\ dl—..ol;ga
[8] w5 o oolazul Jobu 0 0,8 (s3be 4t b, 3
b oply oilf 3 WS L 5 Gl g a5 (el
O ST e RSy dagmes K 8 el IS
D90 Il LoDy S B Ll (S B L 55 ee
Co S o Sl daze Ho |y wpauts Loyl w18 o)
909,k (S, 3l S by Sl el i
95 lug atels aSlas 4 b g0 ablay oo o
9o dr (Flogl oSG ays il izl o i, o
Joosb V JSb dimd e oSS Aiile (5397 JESLe oS
o1y Sl 8 5 el (S i lage ol sl
t = ab>d 0 was o ol by Gl ollaxd
5 Mied ($pSUSE adgl al>sey0 b5, VOAT.
als ol dgazme Hlews oSl JB> o Wl
ey g Sl o5 Gl S SG ST lage SLllgs

SORT Gy s lege (B ezl 09,
arg P oS, a4 i &S sedee ) il
Sk e Jods 4 lapg a5 (Jlo 5o s lagyg 2SI
b asile i858 b oKy 0 S I8 siils o oulh
olos Lawdly adyl JEa 1l V10 Ly i asels j25Tas
30,9 Sy ay oy Sl eyl o 0l 00008 o0
b e t=INT. gl ;0 oadee o3 s
platel 598 IS s Sliis g Wipdige (AMe
by o sloylohiis cdle il (S i Glore 39 oo
95 4 (ohaiel K& g ools cews I, 0e plaie



1)l Sk

e et ol (s lge (L, el (edgt s |
ol dn (s Sl 50551 @8 Jds ax (0e )
oS oo )Nl Bafizd Cnl plamil sl 3 (Slowlne

N e
[1]. Kruer, W. L. (2003). The Physics of
Laser Plasma Interactions. Addison-
Wesley. [2]. Playa, L. & Roso, L. (1997).
"Electromagnetic response of plasma
irradiated by  high-intensity  lasers."
Physical Review E, 56, 7142.

[3]. Day, Charles. (2024). "Cleaning
Intense Laser Pulses with Plasma." Physics,
17,s123. [4] Z. M. Sheng, J. Zhang, and D.
Umstadter, Appl. Phys. B: Lasers Opt. 77,
673 2008.

[5]. Fonseca, R. A., et al. (2002). "Osiris: A
three-dimensional, fully relativistic
particle-in-cell code for modeling plasma-
based accelerators." In International
Conference on Computational Science,
233-239 (Springer).

WOAE~ 1 ¢6ACa y Ci
PEP 2025
awiBvd(j Co EAz

U S Gl 9 090l (S samgs nglast S50
S Dless (B) pgi ams e lis plate alizd aw o
Sllog (b)) osmw a5 Jo 0 wamoe lis 1) (598!
Stules gl slaosh ples 5o 1, euslill (S SH ol
Olawe g e aSIl I ot = V0T alasd o am3 e
w58 5l 5 Wl S8 5SS addsl alo e yo (S Sl
U= abd 0 wimse plis |, JBs as JoSis
O e 5 Mpee 355 JalSS gl 4 ajlisle NPT
9 598 Sl G Gizen 5 Ol 9 VL IS L bl
Slased sla it bo pgu alazd )3 Lol Logd (oo yioudly e
Phop nl &5 Wi iiee 958 el slaseliig Js @
9 Omb 9 Yo I8 L bl o e 025 w5l 4 e

D9 o0 Lhend 5 (595 Slaglae rizen

18T, Lol

Ne/Mep (3,580 (S Dl i 457 (Gungo nglas @)Y o
U= ey 4 o 5l ey @) Gl plej 4w o )
blowaLOWs t= YT, t = V7T, ,VOAT,
2 Ex/E. (S o Slpass oS samgs pglas
s oo Hiuled Hloy aw e

(S S Ao

St B Shy 5 waSUSE wnls ek onl o
3 estanal b Leudly 5o (98l (s S e slaass
85 18 es 590 (PIC) Ik 53 0,5 (s3lwa (s,
B L o5d Gl 99 S e n 5 was oo L il
S9d (o0 UM gae Sbml el Ledly (S ALl (ol 8
Lo y9 28Ul S0 525 4 i Wilgion gaigag il (59,00 SeS by
aSosd (oSl JBr sle )88 RS ISS culed o s
sl ol ye 55 45 0t ssalie S (s &S, o EubiST
32 b agyg iUl ey 5 (S0 AU Glose ¢ lags 595 (5 55 USCS
9 Oldee ol Gliee o (6595 JolS (5,5 USD 51 my Lol s
3958 5l e ey (o0 997 At Jlais &y oy 2l s 5
Sl 093 ol lagg iUl ey 9 (oS Glane dlags o5
w58 L (S92 Sladly Zge 5w so e



Paper ID: RB3

wWaAE~ 1 ¢6AC4a y C/
PEP 2025
awiaBvd(j CaEAz °©° C/

J’-j)@:mw:.buﬁ FL] ASL?J: QY J,i.:'.}'ﬂ‘-o-dw‘ c,'LhJ.'.'.a‘JL:\’;
2 el e JF SLES L
e.kashani.1346@gmail.com o ,g « pusb pdl i dol s aiw o821 (S b 0aflils !
M _hatami@kntu.ac.ir o ,¢ «wsb pall pal aml s ato oBLils (K 5 0dSitils?

S IR T UL T PR
¢.kashani.l346@gmail.com
it el LIS a5 I dbe ea g slas B ss Y 13l AMS
o K

J,.....‘.L;‘ﬁ\;—;u;;};}‘_,"l,,.«\_lmjnbw.ﬁ\pu;ﬁ}j,ﬁ\-ﬂ\;:.w@}Q&kgjsdw:)fgbpyjlﬁmw «.ilf;:yﬂ_}fﬁ.:;\!w)ﬂ
AN AL S a5 g s S e S B w51 S Ll AL Sl b let SO s 68 s Y ST SISl ek a8

o ey s s e JaeSle e sl xS sla S s Slasiia el s Ul Gl s Y LSl

L;.Gj_wﬁbé\.\.k_t)._'_.:iu&Jjﬁ‘&_)\.ﬁé‘-ﬁ/&"bhMJJJ&WﬁHLﬂ‘)JM@JJHY lﬁsﬁudwﬁﬂﬁ)\?“;)@‘—’“ij—:’j.;-uj\’;

Sy pom sbas 4D 53 g Jlow o

n;@wt_,_gbm.n BE) AJ‘S‘_;; LY LJl._&..';? OIS .5_,;‘9_’_,.);5 Sl el (6 g Sl s e ol el diies S e olde ol

Wl 03,5 A0l L 5o 1) plemed i 3 s o ldalie e eals oS cl

Effect of plasma parameters on the formation of double layer in Saturn’s
magnetosphere

Sina Kashani'*, Mohammad Mohsen Hatami?
12 Department of Physics, Khajeh Nasir Toosi University of Technology, Tehran, Iran

*Corresponding author’s e-mail: e.kashani.1346(@gmail.com

Abstract

The investigation of plasma double layer formation is one of the interesting topics in plasma physics. In this study,
using a fluid model and the analytical Sagdeev potential method, the possibility of double layer formation is
examined in a non-Maxwellian plasma with electrons following a kappa distribution and in the presence of a
warm electron beam. Calculations of the Bohm criterion for double layer formation in this plasma show that the
parameters of the electron beam have little effect on the critical Bohm velocity and, consequently, on the Bohm
criterion for double layer formation. In contrast, the characteristics and properties of the non-Maxwellian electrons
present in the plasma significantly influence this critical value. The importance of this study lies in providing a
suitable framework for investigating and understanding the possibility of double layer formation in Saturn's
magnetosphere, where experimental data and observations have confirmed the existence of such a plasma.

Keywords: Double layer, Bohm criterion, Fluid model, Kappa distribution, Sagdeev Potential
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