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Influence of Compton scattering on dispersion properties in
magnetized-plasma photonic crystals
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Abstract : Using multi-photon nonlinear Compton scattering model and finite-difference time-domain method , the influ-
ence of Compton scattering on the dispersion properties in magnetized-plasma photonic crystals is studied by way of
theoretically analytical and numerical simulation methods. A new dispersion mechanism produced by incident light and
Compton scatter in the magnetized-plasma photonic crystals has been pointed out. The results show that the zero dis-
persion frequency and the cut-off frequency increase with Compton scattering and there exists a difference between the
zero dispersion curve and the flat band. The nonlinearity of the first dispersion curve has a remarkable increase and the
nonlinearity of the last dispersion curve decreases obviously. When the relative dielectric constant in the background
increases to a certain value,the Compton scattering makes the central place of the band gap decreased and makes the
band gap width increased. The theoretical analysis and numerical simulation conform to each other well.

Key words : magnetized-plasma photonic crystals ; dispersion ; photonic band gap ; finite-difference time-domain meth-

od ;multi-photon nonlinear Compton scattering

|5 = I XTE . Hojo 25127 44 T HL il I 75 — 4 PPCs
H Hojo 45" 412 1 45 B8 7 1456 1 & & ( plasma

photonic crystals, PPCs) # & Lok, i T8 B A — & 09230(%1(%21% %éﬂ‘fj R AR B R (N,

DT A I P25 B U SR 3 9 % R AN (000 ) 0 ML Ot S et

(RIS HTST . E-mail : haodongshan1948@ 126. com

FARSHECAT I M3 D6 Far B, R s T A W78 B #7:2011-07-12 ;4637 F £ :2011-08-23



Bt 54 4h No.3 2012

e KAF  Compton BILUSRA ETL A B 540 1 S A G BURHAE 1952 1) 343

RO C R, KB PPCs H A B 454, Sakai
Sl g i T 2R R PPCs i (A BORRYE 3 H B
PSS AR BT R AR | AR BRI R, ]
DRAGA [ B85 58 1 FR RS E T . xR 2 4
th 4% PPCs BB 2 285, PT B0E il o A6 A0 4 e
i, SEEL AT I O 0 s R A uE bR X
V0 1 BUD N 78778 o R VA | o -
KA, 208 T AR M Compton HI T X
PPCs 7 Bt A P AT B L 8 il AN A 2 AT B R
W I, T RS A R O SR S0 i AT
MRS 4% ) S AL PPCs () (0 BUCER M. 38 1Y
&, T A Y AIF 58 5 R 25 J& Compton B Y 52 1
SR, 24 PPCs A [ O HR B 15 5 10" W/ em®
Bkt g L _E o, E LA Compton 0% IF46 w81
AJ DL, Compton U X1k PPCs €8I 52 il AN RE 2
W%, 23R A BFHIECA PR 25 43 (finite-difference time-
domain, FDTD) 2 Xf Compton H{ i Xif - AH [m] 14 #4 1t
PPCs IS HE4T 1 0F9E .
2 ZiHEMERL PPCs 425

R 1 R R, BHT 2 7 10 A T
PRIBFE AR SRR AH XA H R 53000 R e, FI
&y, BIREARFAE H B0 r M e, SPGB U
z [, BB AN TM A (HL 37 AT 158 B 7 1R AE)
EHL, 5 218 Compton 5 XF TE % (437 F-17 T
SRR AR

P 1 REfk PPCs F 7Y
Fig. 1 magnetized PPCs model

3 Compton B 5% % £ B Y52
LB IRZ P R A 26 FAEZ M Compton #f
W (LR RIFRAICH ) | O 7ot
_ Noo(1 +Bcosh) (1 —B;cosb’, )
@ = 2 ENHw (1 +Bceosh)
¢ +mcz(l —cosf’) !
K6 = [y -y, [/ (y - 1) AR ERGHHE S
Yo =11~ (Um/‘f)z] =1 ‘,3% ) _1/2,11(/) ,N,c,
h =2k, m 73500 B BCR HiJS Y Loventz [Af-
JE 5 T R FDOG 7 8 B A R O B
R L TR R B 5 6 S HL RO RN RiE B 7
mJEfh 0", 6 ik R SR Fis

(1)

S ) e RO T O M. WG N o, =
w, —ofBH A7
N(1 +Bcosh) (1 —Bcosh’,) 1

& +§th(1 +Bcosh) (2)

me* (1 —cosg’) ™
B PPCs H 4 1k Blf 48 55 25 5 14 A1 J5i b4 B2
G, R 23 45 B AR T i L S NG S i . TRERR
SR A B AR L R B RS T AL
o A RURETEAAE AR IR B  FR RE
WA EH,J,v,0,,p,T,n,, BOH5 5]
AE ,AH ,AJ ,Av,Aw, ,Ap AT, An, , SF B K0
() Maxwell Jy T2 MRSy R4 5l 4
oH JAH

W, =w

VxE+VxAE=_ME_M = (3)
JAE OE
(o075 40 5 +0) “
(ﬂw]) + (M+AVJ+AVJ) e wE 4
(?t (% p
[ £.(20,00,F +w,AE) +%] (5)
2 ZA
C()Iz, +2(()I]Awp~£+ n, (6)
mg“ maa
V+AV:3.9X1012p+3‘9X1012Ap (7)

p+Ap=n,K,T+ (2An,K,T +n,K,AT) (8)
X (3) ~B) W, e, Ae, Fl o 5351 N HUH i
R TRR A R Y B P G T R
(72 p 24 ) 5 855 Wi o5 — 3514 B0 5 AR 4 il Ry
B TR IES, X2 0(3) ~A(S5) , R0z
IR R AL B, AT A5
At

B e AR 1L =Bl [
CCH, 122, = M2y = (2 -
B 1)) = ge L+ L g -
(AL L+ AL TS O V4 AR [y o+
ﬁTty( AH, ‘?:éi/,zjn,k - AH, ‘?:ng‘%"“) - i 8
AH |7V - AH 112 k-;J} )

g + ARy = B Ly -

At 1 " " n
{; XA_y[ (E, |i,j+1,k+% -E, |i,j,k+%) - (AE, |i,j+1,% -

n At n n
AE_t‘,:,j,/”;—)] +,1E[(E’) ‘i,ﬁ%,hl _E) ‘i,,ur%,k) +



344 Wt 5 4 sh

A2

(AE, [}t %—AEyULM%>J+AHHﬁﬂ%w+%
(10)
n+1/2 v +1/2 -vAt -1
J 0k ,k+AJ|+2]k~(2+VNJ\+2M
2eAt "
oMt po. L 2eMi |y
2 +vAL ERES m(2 +vAt) ox it
2 n-172 2A8At 2 n
[2+VAt Al ‘ ivpk vAt E"‘”;_’j‘k *
2eAt  IAp|”
m(2 +vAt) ox i+ij] (11)
> s

(9) ~ (1) v, 555 i 5 — 3504 L) 7
FEOT O 5| 2 B8 TE I Ax, Ay, Az 535108 «,
v,z IR B (i), k) UK (A, 1Ay, kAz) .
TER (1) W, 4] gp/ax = dAp/ ox AT BB HAL AL FE
AL S RS AN RE Y o T ELH LT 533
TE y F 2 J5 1) 9 o34 5 o J7 1) Y 22k 60, IR ot
AR, ) F, 2 T, SEAE N 1 +1/2,
Jok) T G172, k) J.(i+ 172, j k) E (i +1/
2,7,k) E.(i+ 172, j, k) Al HIJE 4 A mideon.
J,(i+172, 7, k)T AT, (i +1/2, j,k) Al 73 53R -

N N T .
]y<"+?’]9k> - 4 [])»(L’] 2 ’k>:| +]},(L,

1 . o1 . |
+?,k) +J),(z+1,]—?,k) +J, i+, j++

2’

W]+, x(i+1, ]+;,k)] (12)
1 o

AJ, (i +?,],k) ZZ[A]}.(L,]—?,k)] +AJ,

(i k) + AL G +1, =2 ) + AL G+,

1
5ok (13)

(i) 3R] A A i S A e ) I 2 T 2L
4 HEEBSIW

Ba=2.5mm,2r=1.75 mm,r =0.2 w,,Av =
0.02 w,,w, =2m x28.376 x 10” rad/s, &, = 1 ( ZW
g, 2AL) , BT FIEM R w, =0, BALFRIL R UT M
(m/a,n/a)—I(0,0)—>X(w/a,0) >M(w/a,n/a)
Jr ), 4 RL AL PPCs 1) TE Biaiith e anil 2 fr
N B2 LA FERE G H — MR wea/2me =
0.22 [fhifr I — R IV & T F 1 O, IRl
WP o SRR — R 0. 21 Al e, B T
TR A — IR I R, (AR T A
—E MR o X B IE R 45 B A R A

S NN B R 77 S DNUES 3 8

®.a/2nc¢

K2 we=0maE@; AL PPCSTE B Zk
Fig.2 dispersion curves on the TE model

of un-magnetized PPCs,w, =0
4.1 Skt H % o

Mwe =w,y + Awy,, Aw,y =0. 57 x 28. 76 x
10° rad/s, JAh S 8 AAER, B fk PPCs () TE HiHi 2%
WA 3 . BB 3 AT, TE 880 € 8t 2 53 0 7E
w:=~0.16,0.42 NI — RIHETAH . BT
HE ST 55 128 AR LR AT 3 A (55 2 A v bR S
HBA 0 4b) vl UL, TE 455 0 3000 > Uk A, RIS & 42
B IR 0y =~ [ - 0o + (0o + 4o, +
8w,Aw,) *1/2~0. 16 Fl 47 e #E A 7c e K 1k 4 5
wg=[oc+ (0p +40, +8w,Aw,)?1/2~0.42, 5
BIURAT A9 R AT A5 0. 1456 Fi1 0. 38211 A 1L, %
VARG e | o Ry N R VA il W S S
KU C IR TE SN 05 A — Ao i, 3%
B, T PPCs (14 0 A R0, 348 38 () 25500

B3 we=wyn +Aw, WL PPCSTE BLAHTTILL
Fig.3  dispersion curves on the TE model of

magnetized PPCs,w; =,y +Aw,

Yo =3(w, +Aw,) I, TE 1) 41 L an &
4 R, I 4 AN ORI, b T R
A3 AE A HE A H — AR %24 0 0. 078 Fi10. 86 4b
ML, SHTATIG T RS 4 0. 071 A1 EFS 4 0. 7811
AL, B B O B DT, R RSN, 7
ARG BRI S A 3 AR



Bt 54 4h No.3 2012

e KAF  Compton BILUSRA ETL A B 540 1 S A G BURHAE 1952 1) 345

©.a/2nc¢

k,
4 wc=3(wy +Awy ) WAERE L PPCSTE #E (0 i 2k
Fig.4 Dispersion curves on the TE model of

magnetized PPCs,w; =3 (w, + Aw,g)

&S Hh iy S 2k A 2k 43 )2 ok T2 20F1 FDTD
VAT R BT O BESMEG I AR IO Rl 2k,
H SR IR 2R T TR ST DX 38R0 500 oA oSty A o
S X N X R, LS A SO AT E, BT
WP B HT30 53 = BE WD A, 5 2130 43 43 ) 22 L o
A AL I AN R A X B T
BUH BRI P, S s 2 R dee T
WEST-A1T 1A% 21, ) &M 3 R0 S G T L4 il i Ak
PPCs [UEFH5 0 B, SCAT Ry ) Wi 42 A 4

®.a/2nc¢

} , ; T
0 1 2 3

wc/ (0, +Aw,)
(R o VAT RN A T 2
Fig.5 curves on the quasi-flat bands place
along with external magnetic field

4.2 EEMEAE D

A T S AN A e BOE I E £, =8.9, 3
S H IR 3, Ak PPCs Y @R 2 AN 6 FR .
I 6 AT, 72 el b7 5 1 — R 2
0.53 F0. 73 BFiz & th Bl 405 [l PR 58— A%l B
W &, AL RN 7 FrRe BT WL TE &, =
8 ~ 12 JEHI A, AP B O AL R B, B 98 B A 4

®.a/2nc¢

k,
K6 &, =8.9 Mk PPCs TE fa 5Lk

Fig. 6  dispersion curves on the TE model of

magnetized PPCs, g, =8.9

T 5 ORI B4 T 1 A B A T — AR A R 0. 52
0. 72" F, YN T 24 0. 01, R AL B R
R B PR — 20 A B S R K — s, X Rl T
Gl &, F1le, — &, |3, NITREHT B b0 7 B T
of B PR B T R R R — B 2R i
0.54
0.53
5 0.52f
; 0.51F
0.50

0 é !I) 1I0 1I1 1.2
g, +Agy
P75  X 7A BE F 5
Fig.7 influences of the photonic band gap are
taken place by the different backdrop materials
4.3 WRwE AT E AT
AT % 1A FDTD 230, 3158 T k. =0. 57 x
a” ' HAWSHFIE 3 1, A PPCs () GLHICITZR,
&8 itz AT 8 AL, SIS AT B, 30 i 5
JEIP- W, AR S I — R0 0. 73 DLE (i
LI AT HM L, AR ) U R R, X
SUEH TAESMEA AL ZRAE T HON e B S 1E
SNBSS o 9 2 28007 1 i, e O i 9 )
VAR P PNIVES 35 &

1LOF

®.a/2n¢

K8 k, =0.5n/a fifft PPCs /€ BLIHZE
Fig. 8 dispersion curves of magnetized PPCs,k, =0.57/a
5 0% ®

LA S, ISR 458

(1) 5 Compton BT HTAH EL , Compton L5} i v
T A0 OIS RN L A3 3R G O, 2 48 B A X TP rie
AH—E M BOE R OO E BT, B
(SN S BRI I BERTAIOE| 5 syl AN
FEELN

(2) 5 5B AR A L oR ERO I 3] — 22 (BN, HK
SPPAEE S A 4 5 I ey B 1) U — AR A 3R G O, A B vh
Y AN Sy N | SN

(3) HACR A 30 O Al 5 o 300~ T 5 P @, AR AR AR
R ARG R



346 WOt 5 21 4 i 42 %
5% 3Tk [10] Liu Song, Liu Shaobin. Analysis of photonic band gap in
inhomogeneous plasma photonic crystals [ J ]. Nuclear

[1] Hojo H, Akimoto K,Mase A. Enhanced wave transmission

[6]

(7]

in one-dimensional plasma photonics crystals [ C]//Con-
ference digest on 28" International Conference Infrared
and Millimeter Waves, Otsu, Japan ;2003 ,347 —348.

Hojo H, Mase A. Dispersion relation of electromagnetic
wave in one-dimensional plasma photonic crystals[J]. J.
Plasma Fusion Res. ,2004,80(2) :89 —90.

Li Wei,Zhang Haitao, Gong Mali, et al. Plasma photonics
crystal[ J]. Optical Technology,2004,30(3) :263 - 266.
(in Chinese)

B, ok LSS PE, 25 S T AOL TR iR LT]. Ot
5K ,2004,30(3) :263 —266.

Sakai O,Sakaguchi T,Ito Y, et al. Interaction and control
of millimeter-waves with micro-plasma arrays[ J ]. Plasma
Phys. Control Fusion,2005,47:B617 —627.

Sakai O, Sakaguchi T, Tachibana K. Verification of a plas-
ma photonic crystal for microwaves of millimeter wave-
length range using two-dimensional array of columnar mi-
cro-plasmas|[ J ]. Appl. Phys. Lett. , 2005, 87 ;241505 —
1 -241505 -3.

Ming S T,Ronan S, Anthony R, et al. Analysis of electro-
magnetic band-gap waveguide structures using body-of-
revolution finite-difference time-domain method [ J ]. Mi-
cr. Opt. Techn. Lett. ,2007,49.2201 - 2206.

Zhang Haifeng, Ma Li, Liu Shaobin. Periodic band gap
structure for un-magnetized plasma photonic crystals[ J].
Acta Photonica Sinica, 2008,37 (8):1566 — 1570. (in
Chinese )

B, D1, XK. AR R S B T O T R A A
PR [T ] Ot 74741, 2008 ,37 (8) 1566 ~
1570.

Zhang Haifeng, Ma Li, Liu Shaobin. Defect mode proper-
ties of magnetized plasma photonic crystals [ J ]. Acta
Physica Sinica,2009,58(2) :1071 —1075. (in Chinese)
B, D) XK. AL A B T AOL T AR R B iR
BREE LT ] P E 4R ,2009,58(2) :1071 - 1075.

Liu Song, Liu Shaobin, Wang Shenyun. Fiber property a-
nalysis of plasma photonic crystals with tunable defect
[J]. Opto-Electronic 2010, 37 (2):
146 —150. (in Chinese)

XA XA, F B . TR B 2 A B A0 T AR
U8 B e ko B [0, e s T A&, 2010, 37 (2) .
146 - 150.

Engineering,

[11]

[12]

[13]

[14]

[15]

[16]

Plasma Physics,2009,29(4) :365 —369. (in Chinese)
KR XA A2 50 53 A1 25 B 5 O T A AT B S
i) RS % T Y, 2009,29 (4):
365 - 369.

Zhang Haifeng,Zheng Jianping, Xiao Zhengquan. Filtering
properties of one dimensional tunable magnetized plasma
photonic crystals with single defective layer[ J]. Acta Pho-
tonica Sinica,2010,39(9) ;1572 — 1577. (in Chinese)
B R, IR SR A BB 2 A — 4R R AL
SRR S IR R R Y [T] o6 TR,
2010,39(9) 1572 - 1577.

Liu Song, Liu Shaobin. Analysis of magnetized plasma
photonic crystals on the basis of the faraday effect by fi-
nite-difference time-domain method [ J ]. Nuclear Fusion
and Plasma Physics,2010,30(3) ;225 - 229. (in Chi-
nese )

KUk XK. A A5 8 T A T i PR B L 55 A0
f FDTD 734 [J]. B8 5 45 5 1 14 2, 2010,
30(3) :225 -229.

Hao Xiaofei, Feng Gang,Hao Dongshan. Influence of pho-
tonic band gap of magnetized plasma photonic crystals of
faraday effect by multi-photon nonlinear Compton scatter-
ing [J].IEEE,2011,2.1428 - 1431.

Yao Ruxian, Hao Xiaofei, Hao Dongshan. Influence of
Compton scattering on modulation instability of magnetized
plasma [ J]. Journal of Ptoelectronics Laser, 2011,
22(4) :635 —639. (in Chinese)

Wt ABIGE K, A AR 1. Compton HIUR X 84k 55 £ 1
IR ) A FR E MR g [T ], St i 7 0k, 2011,
22(4) :635 —639.

Qi Limei, Yang Zigiang,Lan Feng, et al. Dispersion prop-
erties of two-dimensional dispersive and anisotropic mag-
netized plasma photonic crystals[ J]. Acta Physica Sinica,
2010,59(1) :351 —=359. (in Chinese)

T WA SR, 22, S AR 40 ORI 4% 1] S PR R A
FETUOE T AR OB LT ] P R R,
2010,59(1) :351 —359.

Kong Qing,Zhu Lijun, Wang Jiaxiang, et al. Electron dy-
namics in the extra-intense stationary laser field [ J]. Acta
Physics Sinica,1999,48 (4) :650 — 660. (in Chinese)
1L RALR, e, 5. vl 715 B R OE 7 T s 8
I FRREL) ] PR, 1999 ,48(4) 1650 - 660.



