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Study on Controlling the Filament by Gradient Density Method
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Abstract The gradient pressure and temperature are unified into gradient density, the characteristics of
femtosecond filamentation is investigated and the plasma channel in gases with gradient density is accompanied, the
feasibility of gradient density method to enlarge the length of the filament and plasma channel is studied.
Furthermore, the concept of ideal density curve is presented. The ideal shapes of gradient density under different
conditions are calculated and analysized. The femtosecond pulses which propagate under the ideal gradient density
curve can achieve the maximum spectra broadening and shorter pulses after compression while avoiding the muti-
filament. It is found that the nature of intense femtosecond pulses propagation under the ideal density curve is in the
condition of maintain constant n, P. , to make the spot radius of the pulse at certain range in the long distance
propagation, and to perform a self-guide while avoiding the self focusing or ionization.
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Table 2 Parameters of different cases

Incident end Dg Tuit end Dy Intensity(W/m?*)
Case A 1.0 1.0 3.2 X 10%
Case B 0.5 0.5 3.2 X 10%
Case C 0.5 1.0 3.2 X 10"
Case D 0.5 1.0 6.4 X 10
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Fig. 1 Variation of the beam diameter of different cases in Table 2 as a function of propagation distance
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Fig. 2 Variation of the ionization probability at ¥=0 of different cases in Table 2 as a function of propagation distance

ATLAIEF] .2 Dr {HH 1 AL 0. 5(Case A #| Case B) Ji . %] F Case B, H TG R AR R M R 5%
A Case A By—2F: ARLMAE FH CARZR PR F A9 58 55 77 LU AR b 37 5 S5 R ik oo g (L 2 2R 1) e B, PLE
A i) A5 W ks . B R AR RIS A3 IS RE S | & L B B U0 5 DR A B R R AR, 2 A &
FAAE, BT LA AR ) Case BER 1 P OGHEF AR 23 A IRRL 0728 /NI i il A2 A B 8 ) s T A2 T ] 2
T B R WA/ . MBS e AL R B N DR BN 8 A AL i R e B R APEE i (Case A 3] Case
O . Al LAFE ] 822 OLBEEAR PR 5 LT AN ) B 88 0 25 5 1 P il (R B AR AR i) B2 B 5 . 7 ik
R AR L B AT . R R SRR S DR AV IR TR 20 55 B R AR AR LAEAE T 1 Case C Rk
B P8 T B T e i g A B R T AR R A R B e s AT ISR T AR ZRAEAE T A5 i 22 7025 B i I
JESE AN TRl AR M T BB 2 s Bk ot R 58 . B (6) AT De=0. 5 B Fu i/ i s Ak e (i 3) 5
e De=1 BN OL N —F4 . FrEL A EE Case Co TG IADGSR b 3 Bl B0 T W45 A9 BK e A ot 44 4
Bl Case DCLIMRFERI IR 2, P, 75 Case A I Case D AR TS 7F Case D HrAGAEL AR HT S 55 , T3S A

s132002-3



it e Es il

JR 22 B B AN A T A IE I . AT B AR O IE R 22 45 B 1 TE RN B O A B R S B LT LA
TSR K e A B A 4

5 AR £k
WKIE SEAR AN TR P 2L A 22 A 2 TR Rl it (O30 J AT TP » F 22 AN SR B o T2 P L% 4
BARETNR P 9 ERIE O . FTLL AR (T R 23 R 22 B, 7T AR . IR 75k
IO b e UG 30 R S 1 TR B BB P B T L 90 25 2 EH B ST S 45k o e 3 B
KCIETE . T LA 06 52 R B i AR b O R (T2 356 L DA B o 0 (D136 P, 46T (1 SR A2 WM Pe . 9B
D KT AR St R UL T LU 2 5 0 G MR I o i 0 A P 2 B SRl 2 o
4 B (1« LIRS 15 2 1 2 S A 5 3 1 2%
5.1 BEmEHENITE
TER MR RE PR AG— = 3] 2+ de PG = ORI E IR Py RIG A Po=P, . i1 (6) 2
SRARIE LM R FEE () SR AR 2 ik Dy T B 2 7 Pl 2V B 2 07 o (045 A 2 ik, A7
ISR = de AEBKSTEAR . A4 MERBEES = F i De YERUHHZE A SRR p AR M2k . SCPR b
B 1 4 AT T FERIA I I R A0 S o VAR 1 T 5 A A R AT 3 SR O TR, P, TEAG
B 1A AR AR A SR BAR 3 1 H SR SR SR RIS . DA R IR E FE 06 U TP 46 91 el 3
SRR I RTS8 015 I o 2o e A e 1 0 3 45 T 11 3£ (30
5, T LT AL 6 AR 0 3 T TR A 1 R e 2 62 2 B 90T 50 05 A R 9 90 2 59 WA T
15 R 455 753 9 Wk o 2
3 P HEER 30 5,0 2 m] BRIHTELAR N 200 pm HHZ8 Vel G P ST (0 BIABUR 1 205 1 M 22 . T LA
Tt BIAR I M 2 AT BV 00K R K o i 1 K TS W H T
0.340
0.335
0.330
& 0325
0.320

0.315

0.310

0.0 0.1 0.2 0.3 0.4 0.5 0.6
z/m

Pl 3 AR R 2k
Fig. 3 Ideal density curve
5.2 #lsRBkihEEE RIS
FIEARIRE R T AY AR R 2R R 30 fs BkabfE 0. 2.0. 5 1 0. 8 m] fF 00 FAYHIZZ: T IR — &l b (4] 4
Fe7s)  JER 3 AR LA 2,5 F 8, LAME LA CHLSE LAY 2 vPo Do AT IR 2, RS L Il D /),
HAE FRAL IS | 2 Be 6 N (BT B da /N TR R It A 3 325802 DR A ARE A /5 Al Bk i e BT o 1 L 491
NG, TR BT X RDEIEZ T 50 AT GG AR AR e el ], HORAE R (RESD bAT B 2200, iX J2 A

2
WAL B SRR R R yPy = 20 A — 3 A, A SRR TSI R . B AR

At 270y
TR e R ARt e P B — ke R e AR 0 AR E R (RE D) B 220, 25 B3 Se bRy 3
AR X A B NV AR R BT LR 0. 1 atm 3] 5 atm, TR AYYE A 300 K F] 800 K. ARA4
FIRVEEERT T 30 fs Bk iR Ul KRB EEE M 12, 6 1o 2 1.7 m] 30— MR 58 A 5 70 Fl L i
Wi o 75 IR ARG A 7ESATURE BE B P I A5 0 S AN ) Bk oo 5 Jok e 1) B T 2 A T 11

s132002-4



0.68

0.67
— 02mJ

0.66 -
bt ).5 mJ

0.65 - 0.8 mJ

0.64

0.63

0.62

B4 AFIRER T A BHAR R £k

Fig. 4 Ideal density curve under different energy

10| ——02mJ
o8l 0.5mJ
PR e 0.8 mJ
=
L\‘E 0.6 -
Z
g 04 -
g o
=
0.2
|.|4.4"/ | |

0'—0100 I—80 -60 —40 I—2IO 0 I26 I4IO 65 80 10
Frequency/THz
K5 AR T A BEAR 5 R 2
Fig. 5 Spectra under different energies
5.3 Bk EEERIFM
F 8 0. 1 m] BIRER AN T 30 fs F1 50 fs ki) BEAEN BE R ZR L [RIAE O 1 U yPo o KRS B i 2R AE 0 531
Bl 3 A5, & 6 it B s s, I, SERK R Ir s Dy 38K AR , 76 BRACURS B 2% 1% 00 T 1 IR 2R M 300
$ kR, o8 TR — s R TR ST ek 2 18 7 A 8.
0.240 -
0.235

e
0.225
0.220
0.215
o210f =

0.205 n 1 n 1 n 1 L 1 L 1 L 1
0.0 0.1 0.2 0.3 0.4 0.5 0.6

z/m

Bl 6 AN[RIKTE T B3R 5 R il 2k
Fig. 6 Ideal density curve under different pulse widths

7 FIE 8 SRR T 78 FAR L BB BEAE R 30 £s A1 50 fs B ik G i i S A% o » 1 00, 5 ik b iy
WA A 5 » AR SR A PR ASE AR, » 1T EL 00 A T i o 9 X I 1 Y 3t 3 5 Bk e, T LA o 7 ik o O 3 5 R 3R A5
WA B 15 JDK T8 SR8 I ik o, 35 B N A i TR — B
5.4 XESFEHFI

0.1 m] WREEXTI TGS 2424 200 pm F 150 pm [F 50T A9 BRAR IR BE i 2. 8 9 M r it o)
50, ISR 0L an & 7 FIIEL 10 B

s132002-5



ot &3 B i
- 1-60
1L0F
08k 71-65
= 0 =
S o6t 3
s 06 IS
n [}
I 4-75 &
02}
1 1 1 80

00 1 1 1
-100-80 -60 -40 -20 0 20 40 60 80 100
Frequency/THz

B 7 30 fs R SE R ERE AR

Fig. 7 Spectrum and phase after broadening of the 30 fs incident pulse

- 1135
0.6
0.5 _ 130
Z 04, 5
< P i ]
B 03 125 &
12} L 0
5 <
2 02t £
g 0 J120 &
0.1+

0 1 1 L1 1 1 1 115
-100-80 -60 —-40 -20 0 20 40 60 80 100
Frequency/THz

Bl 8 50 fs RuirGREFIAEAL
Fig. 8 Spectrum and phase after broadening of the 50 fs incident pulse

0.80 -
0.78 -
0.76 -
0.74 -
0.72
0.70
0.68
0.66
0.64
0.62

0.60 L 1 L 1 L 1 L 1 L 1 L 1 )
00 01 02 03 04 05 06

z/m

—— 200 um
-------- 150 pm

Dy

B9 AR A BEAR R 2k

Fig. 9 Ideal density curve under different fiber radius

0.8 - -30

0.7 -

0.6 - 425
Fos[ I A
S =
5041 7420 &
= 3
£ 03k 2
2 £
=02 115

0.1+

0 1 1 I I 1 I I I I 10
-100-80 -60 -40 -20 0 20 40 60 80 100

Frequency/THz
B10 24220 150 pm 1OGTE e 58
Fig. 10 Spectrum and phase after the fiber of 150 um radius
s132002-6



it e Es il

AT UL o B TR BTy St AR 45 6 8 52 i B S 52 i) 17 30 8 ot RN DY 1 1 8 B, P A ) L RE R L TR Y
ny BE S ) Dy {ERER S 3N PARAS Bl B A R (0 AR St R A R & 45 R R BN S B AR Gk 8 v
SR WNEIE S e aS U =3 UL ik
5.5 EEBEEHEIR

A — T 1H E % )% (common case) FIB5JE ] 26 (curve case) T A& 5 B CEEE A2 FIGBE o0 Ab HE B R Ffi A%
PR B ARk Ay AN 11 FNIE 12 FioR . WIEE A KOG 3.2 X 107 W/m*, Bkep Sk 30 s m
ok, SEBREE AR R 100 pm (FWHM) AL B =<

common case

curve case

K11 OSBRI b L i es 122 4k

Fig. 11 Variation of the beam diameter as a function of propagation distance
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