Chinese Physical Society
ME#E Acta Physica Sinica .

€D Institute of Physics, CAS

EBETHZE IR S BRI EE 0

KRR KHE ERAR BB IRE WHIl sk

Plasma density effect on backward Raman laser amplification

Zhang Zhi-Meng Zhang Bo Wu Feng-Juan Hong Wei Teng Jian He Shu-Kai Gu Yu-Qiu
5| {5 & Citation: Acta Physica Sinica, 64, 105201 (2015) DOI: 10.7498/aps.64.105201

7 2% 1513 View online:  http://dx.doi.org/10.7498/aps.64.105201
23 N 2% View table of contents: http://wulixb.iphy.ac.cn/CN/Y2015/V64/110

AT RERCH B BB S &
Articles you may be interested in

P2 B 5 BEUH RIS B FD A5 R 1 R 2

Influence of Raman scattering effect and self-steepening effect on the propagation characteristic of pi-
cosecond solitons

PP 22 H%. 2015, 64(5): 054207  http://dx.doi.org/10.7498/aps.64.054207

JTCEr BN DKDP S (A 7] 32 5 2 U 1 o AR A B2

Influence of deuteration degree on the transverse stimulated Raman scattering gain coefficient of DKDP
crystal

YE = 4.2015, 64(3): 034213  http://dx.doi.org/10.7498/aps.64.034213

AR S 6 2T vl 22 48 2 6] 5 Ml I 285 A R
Effect of Raman gain on the state of polarization evolution in a low-birefringence fiber
YE = 4.2015, 64(3): 034212 http://dx.doi.org/10.7498/aps.64.034212

oL 2 1 28 T XTG£ A I A A P P
Effect of Raman gain on the characteristic of soliton transmission in birefringence optical fiber
VI3 2242014, 63(9): 094208  http://dx.doi.org/10.7498/aps.63.094208

976 nm O GHlIE — EALEEER B S 2 HURHEOG BT 7T
Study of cascaded raman scattering laser in silica microsphere pumped by 976 nm laser
Y22 H%.2013, 62(22): 224207  http://dx.doi.org/10.7498/aps.62.224207


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml
http://dx.doi.org/10.7498/aps.64.105201
http://dx.doi.org/10.7498/aps.64.105201
http://wulixb.iphy.ac.cn/CN/Y2015/V64/I10
http://wulixb.iphy.ac.cn/CN/abstract/abstract63429.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract63429.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract63429.shtml
http://dx.doi.org/10.7498/aps.64.054207
http://wulixb.iphy.ac.cn/CN/abstract/abstract62636.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract62636.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract62636.shtml
http://dx.doi.org/10.7498/aps.64.034213
http://wulixb.iphy.ac.cn/CN/abstract/abstract62624.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract62624.shtml
http://dx.doi.org/10.7498/aps.64.034212
http://wulixb.iphy.ac.cn/CN/abstract/abstract59037.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract59037.shtml
http://dx.doi.org/10.7498/aps.63.094208
http://wulixb.iphy.ac.cn/CN/abstract/abstract56718.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract56718.shtml
http://dx.doi.org/10.7498/aps.62.224207

) I8 ¥ 48  Acta Phys. Sin.

Vol. 64, No. 10 (2015) 105201

FBETREEXN RS M AN IR

wERD *KiED XREDD

B

BRED HmAEYYD skt

1) (Hh E TR B e OE R AR F bl SR TR B E TSR =, 4R 621900)
2) (PR RHER 22 PR 2B, 40 621010)
3) (AL RZE A E S ARG 70, 650 100088)

(2014 4£ 10 A 9 HikHl; 2014 4 11 A 14 HIEMESHR )

SRR TR PR K R 2 RO LR AT DL R 7 A L 5 RO K . AR SR PR AR UL 5 YR AR UL
T AE BT B0 AL 2SO R RN, BRI, I AR S BT A 2 S B B R SR T AR T
BRAR BE B T e 2 T v ) 450 8 1 2 S S UM AN A A PR G 4, R £ B 2 R L RE
DRl 37 2 JBORATLER PR i 558 0 1 A S P58 I ALk 558 80 1 A O 11 3 F5E BRMEL BT, T AR A B i P B R e 3
HMRERR . A6, A A A B BOCBOL SR LA 3 2R B T B AL A AR E PR AR FIH
10" Weem ™2 (U@ RO Bk, BUUIIE S hL 8 BOCHLEE A A 2 A7 BO 538 EE A 10" Weem ™2 JBOKE)
1017 Weem ™2, BT8R4 5] 40 fs, FAER I ERIET] 58%.

KRR HAH SR EOL, WOBHBOK, B2 M JE B, Rl

PACS: 52.38.Bv, 42.65.Dr, 52.50.Jm

15 =

12 AR VB Fi B R SR O kb &
FEEEEMN, R T Z2HPIRH, WEotIks)
R T A2 AR 24 TR SR AR (31 RS 7 ) S T sk
85 101 DL R % ol e i 2 S R (X B 2R 0K, THz 4R
5F, BATAD ik i) (700 2 WERK Fik SO H R (CPA)
S R A R SR O Bk b ) = B 1L fE
2, BEEEOGE B AN BT, B RO R 2 S
TR K DL G B, X N CPA K JE 1) B H R
AL N7 TR R A, BTN B4R DA A
VERNTBEOREES Y, RIS 1717 2 R HLA] (backward
raman amplification, BRA) SRSZBLEOEBOK 112,
L FAE G CPA HiAR, BRAFLEEA W F LA 1)
S5 B TARAE N TBOR EAN ASAEAE BB B,
AT O 5 B AR SR AR A R 1017 Weem ™2, L
CPA Hi AR 1012 Weem ™2 i H 5 AN &L 2) ORI

* [EFERBIEIE S (MHES: 11305157) AL 3 1k 5 55 Sz = 3t

T #E/E#H. E-mail: yqguQceap.ac.cn

© 2015 FEYIEFS Chinese Physical Society

DOI: 10.7498 /aps.64.105201

RETCAURF DM, WO K 98 7T A 2h i 46 2 A &
2. BRAWLEEHOA NI B~ 4101 W =
1020 W O fug ez — 1.

BRA HLER ] — A Az o6 — s 1 3ot
RS B TR TR A% 3, AU IR O R KR AR
85 B8 A, I I A BT AR O IS OB I RE
g CERI VISR Ol oI TANTTE M IV LR i D¢
K. b, LS A SR T U AR E
i DTS TFE W A R b — B, X UHE T 45 Ge 1Y
B2 T 1) BSOS ARG RS U T PR A5 T BRA AL
B AP — A 1) G ) o 8 50 410 ) A g 75 o
Fa € AL AL TBOR () i 0. BRA R — > =i
FRERE, AT ERIRKKRBERER, = (5
TR EE AR ) F iR IR A, B

Wpump = Wseed T Wplasmas

kpump = Kgeed + kplasmav (1)

ﬁ EF‘: Wpump, Wseed; Wplasma ﬁj\ %IJ j"j }EH 1. %EP % *u

4% (kS 9140C680604130C68245) ¥ B

http://wulizb.iphy.ac.cn

105201-1


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.64.105201
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 64, No. 10 (2015) 105201

FE TR, kpump, Kseed, Kplasma JIFH L
Wk

1998 4, Shevts 25 1 ¥ Jemiaie 7 A% BRA
PLER [P 26588, fATT25 B — AN B o] W0 5 O A5 FE
A BROR B B 5 B LR LT O BE B S U, |/
2R B RO — R AT [ RO A 4R
SO R, B JS, Malkin 28 P21 [ 388 BF 95 36 B
VA=Y G NSUN St M VST A S PO I o N
FEAE B 22 AT e P K e A2 >k DA 58 B30 46 F UK,
I Hix —d #E rh g oG LU P58 2 g e, B
B AEREIEL0% L . B 5, Ak /4
FFRE T — RAIM L, Wik 7 BRAMLEE A 17
P 116200 5 0T f Sz 5 458 1 (200 % T SCR 380 1 ik
FERTIEE] 1016 Weem ™2, #Eid iz #OGsaE A~ &
9, HE MR E IR RCR AR 6.4%, SEG T
HHEWZE, 75 INg0EL RN BRI FI SL LG 7T,

EBRAH, & & FIRAE RICKRES, fFEEE
KB AR LA B 22 8, G0 55 B A I« BB
T8 BEJE A R A R M P22 R e IR AR 2t
BRA BRSO Hin H A B 2 7 3 RO 7= AR RS ).
AR SR — 4 (R T B, (PIC) #2 7 Opicl D 129
BT 7055 B 11 vh O L 2 ORI AR, A A
[F) 55 B8 R 5% 55 1) 55 5 1R I A A5 R % BRA L
HE AR5 LR & RS E VE AT T BUR IBOR O Y
TANALER, UESE BRA 1) 855 B 1% B R b T
SEE TR Y R R I, DR R A HREE
AR AR

2 PICHEM L

BB E WA 1 foR, & H R/ A 600 pm, M
B RK/N0.025 pum.  Fl I8 WO AR T O #CR
PR i 4. 4l 38 06 A A 0 3E N AL X3,
KN1.053 pm, WEAE SR EN Tymp = 6.85 x 1012
Weem ™2, X R TC RN RF N ag = 0.005, HhIa) 4
2579100 fs B TR E MR EEDRFEANAS. MhT- 306 A
WE R ELFHEN, € 5HEHOCHE 6007, KR,
Hi Ty = 3.3 fs A1 pm BT R8O & 1.
RO HENBLE T, 338 B 1E 4 2k
LG DA B BO6B A R LR %A (1)
], VILEVEAE 5N Tieeq = 6.85 x 10'3 W-cm ™2,
I\ 2%y sin B, K989 100 fs (FWHM). 55851
RT3 S S, FIAETCE T 2 > 50 um
X3P, BRSPS P I 2 L R0 2 B 1500y 5l 10

A4 FEPRH T Bl i DR DB B
PO RE, HFTHOLEIE © = 550 pm i}, 1
WE 1D ¢ FAE ).

filtiz ki
Ttk <
»

¥

K1 (MTRE) S8 1 feh i S OB R & &

Fig. 1. (color online) The schematic of backward laser

SRR

Raman amplification in plasma.
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Fig. 2. (color online) The spatial and temporal evolution of seed pulses, pump pulses and plasma waves for

different plasma densities.
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Table 1. Comparison of output lasers for different plasma densities.

LB B e YEFBEES /cm MR FE /W-cm 2 ORIk FE / fs e AR /%
0.01 1.2 0.9 x 1017 26 49
0.004 2.0 1.2 x 1017 40 58
0.001 4.8 1.5 x 1017 60 34
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Abstract

Backward Raman amplification (BRA) in plasma can be used for generating ultra-powerful laser pulses. In this
paper, the plasma density effect on backward Raman laser amplification is studied by using particle-in-cell method. It
is found that using a low plasma density can lead to the premature Langmuir wave breaking and thus result in a small
energy-transfer efficiency. On the other hand, using a high plasma density will enhance the developments of unwanted
instabilities, which rapidly disturb the Raman amplification, thus limiting the interaction length and output power.
Therefore, an optimal plasma density for BRA is near the threshold of Langmuir wave breaking in order to achieve
both high efficiency and large energy flux. The space frequency spectrum analysis shows that the saturated intensity of
amplified pulses is limited mainly by the self-phase modulation instability. By using a 10'®* W-cm™2 pump pulse, our
simulation results show that the initial 10'®> W-cm ™2 seed pulse can be well be well amplified into a pulse with an energy

power of 10'7 W-cm™2, a duration of 40 fs, and and an energy conversion efficiency of up to 58%.
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