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The Effect of Seed Magnetic Field on the Collisional Absorption in
Magneto-Inertial Fusion Approach

Narges Firouzi Farrashbandi, Mohammad Eslami-Kalantari*

Nuclear Physics Division, Faculty of Physics, Yazd University, P.O.BOX: 89151/741, Yazd, Iran.

Abstract:

Magneto-inertial fusion, Inertial confinement fusion and Magnetic confinement fusion
are some of the Nuclear fusion approaches in the earth. Magneto-inertia fusion is a
complete approach compared to inertial confinement fusion and magnetic confinement
fusion. It includes high-density plasma in presence of strong magnetic fields. Also,
reduced electron thermal conductivity and alpha particle energy deposition has been
enumerated other advantages of this fusion. In this study, collisional absorption in a
magnetized and inhomogeneous plasma is calculated. For this, kinetic theory and Krook
collision frequency is used and then the effect of laser wavelength and magnetic field on
the collisional absorption is investigated. The results show that in Magneto-inertial fusion
approach, increase of collisional absorption in a magnetized and inhomogeneous plasma
is proportional to short laser wavelength and varies slowly with the seed magnetic field.
Then, the effect of seed magnetic field on the collisional absorption (inverse
bremsstrahlung absorption) can be ignored.

Keywords: Fusion, Magneto-Inertial, Plasma, Collisional absorption.

Email: meslami@yazd.ac.ir



rA
R 4 s 5 o
R Ol 9 Slawd il a5

(§3m0) gtin g, olE23ls -1 1A wianl VE IV

doddo .

Oldas a3l oo BT ugSan (6505 ol S oo Cd 1) Seied (e SO laue j0 0ad 0auSTy g Sl ALK
@ on b 098I Glas e e )d Sllugs cul (6551 ol walss Laadly slagyg Sl plag el )5 (S Sl
i 5 ol o D] og oo a3l (GosSae (53055 BB ©d2) (52,95 5 i Glsim 5 ks oleS 55l
Sila) g9 2 lacuge (-gblite (Lhgmen el oud dulre (JB-sbline (Shgzen Cila) 3 (095 2
o Lowdly (2le)S Ble) (ouebline (Fudygame Llgmen s b 550 JB) S5 (Sad pame SDsmen
e 5o ) 5k 950 @l Kol g Biy98 S RS (gr (Shsmed 55 Cnl Sl ) (perbline o
Gl ygame alidl s oleF [iile, 2alS el awbline slolane 5l oolinad YU slales 4y oliiws cyz >
S35 335 y3) a5 Jb sladls pusbliie e 3l 2dln, onl o S5s Hsman DY pans
oS 6l AV 0,5 13 56 090 AlllSain sla 5 Lawes Cleiss jshay wub chgmmen Ban )] 5 ogdle enl
eblioe plase 585 a5 0 b e Conl ol ooliin] SO 598 dlolas g sl (5,955 51 (69,55 >
5%y 23 5 S olr I8z o (SeSIl plaes arle 4 (S5 )8 0555 5 (S8 5 (53D slails
elosd () 32 gy » SIS (oubline Glass 5 )5 Z9e Jsbo ST Ll g wSlo

SLATTIRI
[F Y] 55 sy 55,8 005 1 (lS )5 (28,5 1310 b (Kol i g mpbliie (slowsdly (sl SO 45758 aloles

Yoy 5.7+ Z(E+ 20 L _ciry ()

9B S E i 0550l o 5 )b i g iy ol eaimoplis o 4 e 5 € Tfy o a5k e 4y
Cooms 13 S o pss €XP (—IWE + TkyZ) & jgm a5 il 590l oodad |5 cwcbline 5 (S xSl slaylage
bty 5 ggn 0ae Ky 5 )30 Gl Sy @ (izmen [0]og o aidgs 55,87 0,55 5 (il 2 (1) slae 2,
(fo) 3 Sl &35 &5 E50mme Sy 05,550 @535 s - wbli oo B = BoZ eslails (qublite oliso b (5550

el JguSle @355 &b fo &5 fe = fo + f1 wsdioe oy (1) 0 Silesal 59 b 00yl

() dolxs (e/me)(B X By/c). (8f1/08) = —Q(0f1/0$) 5 £ = eBy/(MeC) oz (25,5 iy |

9o poslw pj &g
~fi+ 57V VL AG@ - 0Nde + == [ (B +722) 2L G0 - 0)do’ =0, (v)

09095855 5y S 3 Ve 90 = (w0 — Ky + 2iv) /02 o5 <l G() = exp [ioP] YU doles o

- - . ¢ >y 7 { =
Seden Ol ) g hol o dlolas (S0 2SIl L2 S



A b
1 *‘Msw
R Ol 9 Slawd il a5

(5510) i (gwgo,8 olRisls -1 YA wawl VE JINY

- — - 2 5 4711 N N
VxVxE=%E+%Zaqafvfad3v. )
oS oo o s 3 ool adasly a4y o(F) doles o (V) alaly (5 3K L (ST

oo A B 0\
VXVXE=—|—-iB A O0]|E, )
0 0 C

e C 5B Akt o

_ _a’_z_ “’_12706 w a a
A= c2 Za c2 2vrk {Z(.u—l ) + Z(.u+1 )} (?)
2
B = Yo 5 5 A2 (1a®) — Z(4y )} ™)
_ _ 0y @hawuo® a a A
C= 2 Ya pEp— {1+ (oM Z (o)} N

sl Ty edle 098 o o Why = (ATNEQE) /My &g & Gliee Sjd (sl Loy (il )3 45 aisin

o0, _,2 ) ,
Z(1n) = ANT) 12 ) /(2 — p&)dz Lidly iy b s 1 = (@ + 200 + 1)/ (vrky)
.J.J‘so Sy i S SI lass (goas > b g (0) dobes jo (M) B (P) slealal, &> L IRl Y

I 5 S by Sz 00551 sy 5 (S S lase ibls  egdle (59,95 5 iz (el

58 o g ) oole Spgar by I J = Na G [ T fad?D 5 fi @SS L gyenls) ool
. (D G 0O
J=|-G D O *)
0 0 F

igingE

D=%, T (Z(uoa ™) + 21 ™) 0
2mqurk, (m)2
AngE
G =Ya— o (Z(uoy®) — Z(1419)) O
ZmaUTk”TEZ

. 2 =2 . .
F = ¥, 20aE WR20evr 61 4 (gD Z (e} (V)

2
Mgy kj

25 Sygar (89,95 ode o« oS b S g 55 (SO Sl Glaee diloe Sl om igd oo caiog

oA =7 qing aN| D 2
IBA=(E.]) = = Yoa—=5Z(u1D|E@E | 00

maka"nZ

ol o8 Sy (63,95 i Gliae (308 S 5l g 0 atd g



/..’/‘Jn.&lz;

tr
4 s 5 o
R\ JELI| Lo Y JV-K 3

(850) i (gugd,8 ol8isls -1 VA wawl VE I

& lwlixo gl ¥

—sblie (Llomen Cola) ;0 (63,65 n iz (S pbr S s 5 55 S Glaee s30e o b
5054 @90 Job Jte (So5d sla il 1 (60,55 5 i dslons 3l Gy i lice ey OF) dolas ST 25
A= Glogse Jsb b oslane 5 50 855 50 b canl gy BB iz (5, sl (perbline Gl

Pedise Geet $9,55 2 2z p @se Jsb Sl 4 =10.6 um 5 1.06 um
Jsb slilar bl 5 (2iSe 50 () 0l LSa5 slowdly Jsb o 2 (63,55 2 23 (lie ) 0)led SO
YL @=0) Slms 4Y O3 (69,95 5 iz 35 o0 0ablive a5 jsbylas a2 0 i ;4 = 1.06 um e
33 45 X102 W/m3 b el plp Loy Slpe aY o3 zge Jsb onl @l ods laie .ol ls 1) ol
2.5 X 1011 W/m3 lJ).:‘)J L;:‘).?u AJY c’_in)).’ )ol =10.6 um 6‘)‘4.’ Z — ST 60)95)_) a_4~.\> )‘.\fu 4&:.?)9.@
s S slas 5 3s 5 b il slails s wiile (S5 sl il les LS ol 4o (¥ US) wil oo

el e ofe o) e uSiad slewdl Jobo iloads an8,8 Lai s <y e 58Ul oS Ve Lawsdl
4= 10"}
§| E ax10"2f
~_—
b=
2 2x10"¢f
[ =]
3
1=10"f
EI:l Il Il Il
-0.00001  _§ %10~  0.00000 5 %1077 0.00001
z{m)

T, = 09,550 sbos By = 1T lails flage A = 1.06 M zge Jsb (slila abols v (W/M3) (68,55 p i N S5
L =107m Ll aasie Jsb 5 10 keV

25x10"
20x10" 3
] I L]

%'_? 15x10" , -

1.0x10" ’ ;

Absorplion

50x10" S \

(1] S - fmmmmaa
-0,00001 _5xq0°  0.00000 5 %107 0.00007

z(m)

T, = 59,580 slos By = 1T slasls lase A = 10.6 M zge Jsb (sl alols e » (W/M3) 68,65 » Lo ¥ JSib
L =107"m Ll aasie Jsb 5 10 keV

f



A I
u\) *‘Msw
J;M Ol 9 Slawd il a5

(5510) i (gwgo,8 olRisls -1 YA wawl VE JINY

Solots |5 (69,95 5 i (59, 2 55 a0 Jsb B Olgiise waS Amalie S0 LY USS o 1, YU (sl IS5 ST
Jsb Glilay (Ko f 5 cmnblise lowdly SO 0 (69,95 5 i (e a5 w2s o ol ¥ S 0 saalic
ol 50 L8] o9 enal sy j (Ked g cmabline it slolowdl (slp Db amis opl a8 conl jiin ialisS zge

el A =10.6 um) pock zoe Jsb sl Cdz lade Sby oz >

4% 102 A =106 ymn —
A =106 ym -aaa

p—

=z |E 3x10"2f

2x10%2 [ ]

Absarption

110" | ]

ol a=cc - i

-0.00001 -5 x107% 0.00000 5oxq07 0.00001

Z (m)
5T = 10 keV 5,550l slos By = 1T lails lase cilides zge Jobo 90 sl abols oy W/MB) (65,55 i ¥ S
L =107m Ll aasis Jsb

Ol el (glails punboliie (lase fal )l 0dd (cuyp (69,95 5 i (59, 2 O] ST &S (5,500 (b kel
Ol 4 55 598 s 9 00D dal (808 40 AT Gl Bd-sblise Ldgmen j0 55T Hlae S slaly pwobliae
—gblixe chgmmen Cdla ) jo aid) IS0 glals pwobline (ylase cun 5 (59,55 p i Gl T S 058 o0 00ls

A oo slii ]y

— 2.10x10"1} ]
z| s
<= 2.05x10'"} ]

2.00x 10"} ]

Absorption

1.95x 10"} ]
2 4 6 8 10
B0 (T)




A <
D o Ve g o
Ry Ol 9l Slad il JaiS

(65m0) Mpie oo, olE2ils -1 1A wiaul VE IV

B 51l (84S jskay iS00 ysS 035 @ By il 4 69,55 iz (liee 995 o0 camlive a5 5k las
Jsb il o Gl il 526 (69,95 52 ©32) (wsSe 305 b 032 et (e S (o0 i D ) -

SrSaxs ¥

ookl bl s gl el ool aile g5d-sbloe chgmen Cila) (0 (69,95 i I ol o
s ilise Sy (Ram i 5 pulolie lowsdly 1o (39Sl 595 @ (onlgl SOV ,S98 Aolee 5 Lhizr (5,58
Loles ogdon e b (S Ol I g S 300 O pgar i) (S0 S o ¢ JpmSle SYolae SWSTL
P9l o drloe (83,55 5 ©32) usSae S a5 (B L3 (Sl Gl (S8 555 (S SUl plaee rals L
@S 0gdion (myp 93970 D32 S92 SIS (publite plare 9 55 Tee Jsb (Foied Sl 90 Sl e
O e Job GRIFIL 63,65 » @i (e 55 (Fed 508 5 (mabliie Slowsdly )0 a5 wims oo (lis Slasles
Ol 4ok ol aliEl a5, G5 4 (63,95 p e Sl s e IPI L rizren b oo a5
el 228 D32 9, 2 5] plage cpl ST S

PP N

1. S. Pfalzner, An Introduction to Inertial Confinement Fusion. Taylor & Francis/CRC
Press, (2006).

2. S.V. Ryzhkov. Current state, problems, and prospects of thermonuclear facilities based

on the magneto-inertial confinement of hot plasma, Bulletin of the Russian Academy of
Sciences: Physics, 78, 5, (2004).

3. I. Shkarofsky, T. Johnston, and M. Bachynski, The particle kinetics of plasmas. American
Journal of Physics, 35, 6, (1967).

4. W. C. Sy and M. Cotsaftis, Wave propagation in a hot nonuniform magnetized plasma.
Plasma Physics, 21, 12 ,(1979).

5. S. Belghit and A. Sid, Stabilization effect of Weibel modes due to inverse bremsstrahlung
absorption in laser fusion plasma using Krook collisions model .Pramana, 87, 6, (2016).

6. N. Firouzi Farrashbandi and M. Eslami-Kalantari, Calculation of the inverse
bremsstrahlung absorption in unmagnetized plasmas. Contributions to Plasma Physics,
60, 2, (2019).



