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BB A ) B R VAR T 2R 7 52 e 0 #  # B O JBE
K(10"° W em ) RS, BRI 4o HEWH 45 5 558
FE RO, RS AT HFE, el Rty
K6afELA . 54b, BT HarliE AR R ), EEK
UL RO, R Re FE P T Rtk IR e
O F ) AR DU e M 48 2 B 2 00 A 11, RIS 25
JFE B S BR e T R B DL IR B R IR, AR S i
BIUIER, — R 4E %8 2 /0 75 BABK 206, IR,
FECPARIARTS, BBIEWRERMIEETHR, BHEEE
A2SOHUR I e, SCHERIRE A AL 25 18
I, B R0 1 BT 4 kxS e, PRI R TR A
Ja— PO e A b, xR At SRR R H
T [ TR £ e A

AR, T CPAEI AR K PWEROLH TS T
PRE . 201 145 b [ R B A B 7T TSR 6D
eS8 MUK (Optical Parametric Amplification, OPA)
EXUCPA G TR 7%, 5%5]7132.31/27.9 fs/
1.16 PWHm bR s o, BN Bl b B3 —
AR E A E B AT PWRIZ R, 20124
i [5 Y6 M B2 5 AR 5T Bt (Gwangju Institute of Science
and Technology, GIST)fIYu2s A k— 45 F HPW 2
BOSE B IX — I e S 2 1 44.5 1/28 £5/1.5 PW,
[E AT 7 199643 H 235t 55 [H A o 5 /R 5518 1
[ % S50 = PIfE HiNovaZ B b, I ek Bl s O 13
RSO Th A 42 54600 1/440 fs/1.25 PW. 20134F,
[ B2 e O A S WU 0T sl 556 = 0 1E R
B E B R A L, 3RA8 1 72.6 /26 f5/2 PWIE FR
RO Ih R, G ASE T, ST F93kE
192.3 J/27 fs/5.13 PW! }2202.8 1/24 fs/5.4 PWHIZE .,
Q3% IR RE G E AT A O M Th 2 1 1 i 2 s,
F T 18 S U Th R OGS B AT R e R 2R
RO E, it BRSE R Z 2 LA /N — K 1)
s T, B, #EGISTHIRT 7t A 7E
0.1 HzIJEEAE TR, RIE 783 1/19.4 fs/4.2 PWHILE R,
A E G A TAERT H i s I E D 2R 45 5.

KHJtS &AW AU (Optical Parametric Chirped
Pulse Amplification, OPCPA)/Z H i SZHL K FPPWHDE
W —MRTAT R, BEE R DR IR ik =
FR#H(LiB,Os, LBO)WIWHIERTN, tHIRTF T PWHkih4i
B 20154, ERF B _E G SR S UM 7T
Fr S B 100 mmx 100 mmx 17 mmff) K 42 LBO &4,

$£T-CPA 5 OPCPARIAL & J7 53115 1453 1/32 15/1.02
PWIHHIH, 0 TIEETIZ PWINZR. 2 5 E T
FEYEH 78 Be ot AR 7 Ol 201 74ES A 2 T
CAEP-PWHE | [AIF M H 165 mmx120 mmx10 mm
PLA 130 mmx130 mmx10 mm 42 ILBO, s£891.1 J/
18.6 fs/4.9 PWHIBEOGIH, X M2125 ik Epr BN
FH OPCPA E 454 i (1) f e W {E Th 26 .

RNTFRITE LG, IR SE E (1) bR
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), A4 7E Nature Physics, Physics Review Letterfl15&
22223 (Optical Society of America, OSA)IHE V4%
B PRFRE, SRS E R RO R
LI PW TS R EW IR D) 2 1) JR B & A e it U7
Z. T EFRBOCN AT LUK S SIS E A PW AT
JFIEK(107 W em )T R ERE, HREAARBEOE A RS
MRS, FIZ T e SEE DT B A B3
(3 1 50 2. R JLZK (mm) KAFTECE 0K (um) K
NS TR, Toi e v as Fl R 4a s, ot B 1l B0
JBK2000018 . [ I 4% 1 -4 7T LB 7 A2 A K
(Quench), KT DLSEHF s B AR AT, on T1EA
A3 v 1 R W D AR WO IBOR BB AL

AR 52 A BB (Stimulated  Brillouin
Scattering, SBS)HAHEEIREG, WAz FeyE"
Hh [ TRE BRI 7E B O R AR P i Rsil ok
P2 A o} R RO TR S B A (I SBS AT T
FHRIRZR. S2Br b, SR TR RS EIX A e T
[F R ERALS . <23 2 15 M) (Stimulated Raman
Backward Scattering, SRBS)HUH” 552 ¥ A M
(SBS)HU AL EAS Ry 22 X (1], 1y LA B AL i) A
SRS, ESEPREE S50 i 2 Rl . (H2, —
FIA N SRBSTE HL 45 B AR L ME S 4 [X (7], 1SBS
WAES T EBTREES X E. FriEE TS5 1k
e 55 B ARAT N SR R (Electron
Plasma Wave, EPW) T A#GE. R, 5558144
FEEBE T ARRAT N EE & T A (Ton-Acoustic
Wave, IAW)17 Rk . Horf, SBSTESE B AR AT N,
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A b AR N S T S TR R S R R
T B TR E AR, T BRIAW. TAW 5 52
WA RAE S R AE = BA AR, WECKAE S .
Mk AR EIAW ] L5 SBSELSRBS W infasE, A<Jif
AT RS AT EW I TSRO, RN SBS A
AR LB R, TR TSR B AR 7R A
N B PR A5 R AR S A R A A R S S B A
RAEF I T B 2, EAESE PR I3 A A
TSR R S EOGBORE . R MIAW S &
TR W, ROARE R & iR, BHEE.
AH LA FH B 1) B8 A (1 R 3l 0 R il 45 TAW. - [F] B SBS/™
AR AR T N, — MR AE GHZz = 2 (B2 AT L Y63
B, Bk BN %A B K (pm, 1072 m)yEZR), HER
MHzE %, WMHE RS E S IR ZRAEE
gk (nm, 107 m)EZ. M A SCHLEW HE SR 30'E FO#
MURIER R AN TR LI A FE R, ATV CNSRBS A M. 1%
Wik R B, AT E PSR TR R, M
HAARIE S VIR BOE T 7% 3 T4 (Electron Plas-
ma, EP)H 0B HOK.

B b, FER IR T EE TARFREOR, C&id
N ABEE ST UK (Super-Radiant Amplification, SRA)EZE
PEX ] 1. SCHR[23 148 1 PR S 3O R AT LA
FISRBSHLEE, FIILA 194 TW/50 fs/@844 nmiB K 15
WA NFITE, 25 ps/@800 nm (KOG ARG, &
RS A700 pm=700 pmx4 mm 45 85 TR A i ok
J&i, BERG IR ok v T 45 3125 fs, R4 AR 3k 7T LA
K E AR 5 K (1x10°-4% 107 W em ™), HART
PR 2 DRIE RSN pmIeBE K/, FBA A aammt ]
LA 1x10% W em ™. 25 i 5 o ) 6 252 3 5 AR £
SEBCFARA B, ST SRBSHOK,  [RIBAE FA T4 Ak,
A LSZ L EW (S TR F o6 Y, Rk, RT3
TS Sl ORI A . BOx — 28 i
FIBHLE, R R REWHE SR BOG I BE G, X Rk
6595 BIAE TLAE FRE T R A R 22 40k, oo iy
KL PN R B S 851 mRe BRI K
BRI AR FNILGR, HH RS T RE G, Wi &g Bk
TFONIHES X LR R A ok R 4

1 ZHHRSEE(SRBS)HBUAHE
PR ARA B T I SRBSTHOC LS, F856 T

R

2N (Raman Effect, RE)™ 7. $i 2 Hif(Raman
Scattering, RS)~ 17 A4 & §Uhf (Raman Backward Scat-
tering, RBS). 2+ 2 {4 (Stimulated Raman Scat-
tering, SRS)LASZEE T A [ISRANLH. SRAMIZE St
Dicke & S A NAS T ff 58 5= A2 Rk B AH A
Tk PR NP (5 S5 4

T BLZ PO A — 2 E N T, Sife
B (EIE) PR OGEU, Ko RERES —
B PDGR b, SRR N E R R AR B
WRENEATER. W1 (@) N EFE R T,
FI1(b) s A RTHE e A e 7%

B TRT, DLERHEHAE SO6RBOR & 5
FR (Plasma Wave), —JAHEAEH, Mk
T M, X2 SRBS. LA S EG f A, 1X Nt FE T
DL B2 =P A OIS A2 DL &5 5 B R A0 A ik
I, HARZNMEAN TR (055 B RO BAEH, R
TGS WU BB A AT A B Fh 1 b, HARALIL
B 2% A B e f TR RN B S E 2R
kpump:kseed F K inediad
X R IE IS R 2 O RAF I = s L O B 2% . T
FR2PTR, 558 TR URHIE R o RAE, 25— KK
MR RO C N Z o, 5k ) F1— AN I 17 A% i 1 4 ik
HE SR, — o, B,/ c— k) THAEE T
PR w,, B2k, — o,/ A, KK FEOH IS
K ik o R B [ R ko, AT TBORAS 506, i 8 ]
FRAFSRBS AR B FRY, FBOK A% 3 IE L K kb 22
TG 5 R K S 5 6k B (1 L.

G AT SRBSIEIBUR, 19984 1 ¥ 4 55 [ 5 Ak
HrdK 22 (1 Shvets 2 NP HR0E. 24 HACH AL FER
W, E9hkebosgs. M2, SRAHSRBSH g/

+ o,

o, media®

pump

seed

Anti-stocks
Seed

tMoIecuIar vibration

B 1 (MRS ECRFEHE. (a) Hrtwiifig
¥ (b) AL TR 2

Figure 1 (Color online) The principle of Raman amplification. (a)
Stokes frequency down-shift; (b) anti-Stokes frequency shift-up.
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Bl 2 (M ROR ) S22 1 1) O B DU R A e A P

e Ey%dn
e ‘
Q Parametric

on  instability E

t growth
E X E, 4J

Figure 2 (Color online) The principle of stimulated Raman backscatter and its self-consistency process [23].

i HIha kR, SRBSEL FISRAIBIE & o, > 0, X
B} = 4a,,a,0, 0P F KK BT B35 (Bouncing
Frequency); a,,, = ed,, / (mc)53 Al 2S5 5 bk
M RES, w70 052 52 S 5 bk #50
s copze = e’n, / (egm )& M 155 B TR, SRAEAHTH
KRNI ARG TRERER . LHRIEAR.
[F) B 8 DR TBOR D' 1 0 SR i, DAL, TR 1 fik v B
Fi ASME L AT, FESRADKIR, FEH Ik i AE S ik &R
e, AR T eI R B 8h /oK T 45 Bt 7
BIIE ). W RE AN FE A iR, W3
Fro, B8 1AL 14041 T B 1 8 OO Hh
BN R E T SRARENS JEORAR X 18 58 FE 1 b TR H-A5
SO K (KT em )G TIR; ARSI {345 B T
A TR AU JR 0, EREETEL om® W5 THI
FRR 55 B8 - o 345 I PW IR J] Sk v
HAh 17t e w] DU HL T R ZR(Ensemble of Elec-
trons) KAl : R HL T Z A BARSZAMER, 523
WG IR A (Initial Condition)F1 4 i 5)) 71 % (Ponderomo-
tive Potential) 4%, B T2 ik i A5 = ik i 4
RENAKR, Bk, EANTHAHE AT BN, s
KB4 B 7K 7 (Plasma Electrons)#S#{ A Jii 51 1
HPTEIR, WEBHTR. XL AR 1) T LAk B A
(Bouncing Frequency ik #%"™": w; = 4a,,a,0,,0, XLEY]
IR A 15 50 53 A R HL -4 4 408 B 4 4 (Bunched  and
Unbunched), /2 JE 5% 110 e 1 L7 P 0, T
T RS 35 P AN BEV. 3R — IR AR R AEAE
BARG AT /4R BE, FREGHUN B 215 5.
BEE i TR R Ak s, TR BRI I AR, BEED AR
TGRSR k. T 2478 S (AT T 8 = =0T B
KRG, 1550 SO BRI, BRITEOR

e ponderomotive

/ potential

i
U

HEAR IR B

B3 (MR A I 7 3 i) W A3 A
Figure 3 (Color online) The electron density distribution in ponder-
omotive potential caused by driver laser [30].

WeEIgs. R, XA, ERrEE Y, Y16
T Rk b SO LW, L S e AR S S AE. BT
THIBk S o W& (5 5 YOG K, Rk, fikad
Bt HOR T A8 5. 5 SRBS 50 #1274 R i 45 A Tk
S 72 T HE L Lo K T R 2 ) A2 TR Y
SEFE AT BB .

FIHISRBS It e £

(@~ ol)(@-0) - (k- k) -0y
= w k’ajc?/ 4, @)

CIRYEEE DN QUL T i ok B S N I =R
KQ=w+ipT, yASRBSLMHKER, HABHT M 4%
BT H R ) R o

TESSR G IR, By SERE I 5 A sl /1
1 L -2 R TR R R AT R IA 0. T RIZUR
(Langmuir) il # o, 56 51 50 7 35w (1 o1 B 1 il
KBRS, Blo ~ o K, SRBSZMHULZRKIT
LA

P = ek Jol ] (00, —00) /4, @

Horbiay, ~ [73210 242 (m?)h, (W em 2) J9 A6 R
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BRI, 2 R, [ TR,
T HE ST LUA 2R P O % R KM R
Uk, = kot o [T D0y o, B, (RRAEIXBR 5
HBLHCR, FURTOKRE M, B3  (ISRBS At
MR SR I = 4y ¢, TPl ek, TS 5 h S
SEBLLALTE KDY, AL, 9 T AR IOR,
T HSRBSAEHOK %, R LE, I H DU AT REbRAY
ST TR 35 0 0 P TR 1 B
MK, A BB BME, T4 BT
TS SR ER TR ERRAK N, A%
BB AR5 R R ORI 1. (R, SR
WAk 76 551 A P T B 47 9 T S BUSRBS
5 B K

FERI D, 2 ORS8RI 2 R, B
FAESRHA UL CPAR RIS, — ML, 3
h, KR TE SRRSO, A
R, NS RE M N, S O LA
G 2T T RS R A IK L T DA R B2
b, RHCERTEN . IRER R MEAF DL ROk 5 B 0

FAE, mTHESEFEEALG . A, Rk
JFAE RS R BRIR T, © 24 e 76 420 2 P
SRIBOY R G0 T HE—— 5 BRGNS K AR )

For 8 RO A A T 0 A o2 [ JEOR 38 B B A
[F: (1) REAEE SR, Hig bkl B
HA AT =OE B K S ST IOR, Bk e AR
IRFERIIE a3, (2) W RARI AR/ BAS S AE 3G 28 0
JT, AL ROR 2 AN SZ ah A RT (R BRI T K ARG R
AT, [RI AT PAXGAE 5 TR Bl o3 A 280K, 5k
DA PR B (AR A R A, LG TR KL 5
RAGW G, WOCIE. 8 s BOL A LA
HETAL K (3) A LAIE I 1 A B R D)
KA WS SO A KM, 4) Mok ZE
JH K (Optical Parametric Amplification, OPA)—¥¢, 15
FOGHE R E A2 DG SR S B Ot tg, Bk,
HABRMISERG . 255 0S5 [ 450K
SR G R, ATCKIEK RGNS, R S L.

bR T EIRAL R BLAE, hr S TR B AR AR — LR p
flan, PR e G FHEEBK. RmHSE

6. WS R RURFIHE RS Ma A
IR SRR A S B, RS, SR
W IR T A BB A XORE A 4 )
L AB, BlE R E AR AR WD, X S s SRBS FT
T, £ AR bl DUB 2 50k RO AR
HPAW k. Sz, PASEEFRAE AU R
AR B2 R AT DA O 8 T e B0,
IR RS RN, 7] DEAR s ST EW
EPRFL(10° W, ZW)HOE E 2885 .

2 IEibHR

FI Al 5 2 2 [ A WO R 48 C 4 LS LB P W
JeThEH O R T R R G, T
CPATBCRAL P PR, 75 BRI A A e, A
AR IS 2 UK e 2w IRIX S PR, 58 5 SEILEWH)
BOGHH, B W R AEUE S E ERT 5.

1 19984 3% [ 3 bR 710k 2% 1) Shvets 2 NP7
RO B 25 8 TR A A T 1 I O R 4 RUROK
FiAR Bk, o [ A 3 TR 2 Trines Mt 1 R AT TAE7
ANBFFE ST FE T RN 0 S0 B VS B 50 R B B AL
20114E#EPhy. Rew. Lett.Ri¥, Trines® N JHPIC
XOOPIC, 1D, 2DF13D OSIRISZHAFHIN, & T 2
ST R E SRR, R T IR 2T
BIE. A A IEA RS B IE. ME S5hE
BIE 2K AR (Langmuir Wave). fill4i
FHJE FEAIE L Jé (Landau Damping) RN, 85 5E T
ZFhAE SRS, 1 35 A (Probe Saturation)s B
4 (Wakefield). ZFA4EZRTH . ML LSRN, K
S8 0 A5 3R 5 S A T AR T BUSRBS UK
R, (HR RN SR T 2 A R e R LI 5,
T E R R AR 2, IR, XL AR e
PR T 28k 2RO I T R 2 40T L

VRN ARG S, RIS At R e
KSHIX M.

AL, IR FLIx10" W em ™ {EAN T
PW. THERIN, 7RG A R 6 otk g SR A AR X
BRAEKTR, 14<0,/ 0, <20, RSB T A%
JE1.8% 10" em * > 1y > 4.5 x 10" em I, X4 N ) B £
X%, SEEEBERN . RLBN . WasEl. 1
RIS B LT, SRBSSK FH 3 I o A2 1 77 vk
A AR 5w 1 B A Bk h T .
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ANASH X R E4FTR. ()NS5 5 6k
FEOET00 pm (F98), 07 K844 nm, 50 fs; 4[]
FE DR E R 0P K800 nm, 4 TW, 25 ps,
Ix10"° Wem™%; DLRMZ%E FIREEERERN
n,=45x10"cm”, w,/ o, =200F; BeJ5 I [E R AR H]

ORI .0 SO B SR A BT pm, i OG5
AT LLE1x107 W em™. ()N M5B TR SR AN
ny=18x10" em™, w,/ o, =10, HASHFE L, "L
B RRRF R 2 AR AR e MR . (d) B E T
FE ORI RO B SR £, JREEEBR LG

350 um, 7E4 mmK IR RO, AT LAE BIR
PPt R B K 25 fs, 2PW,
1x107 W em™, BEEREN35%. (O)NERJaMH TS

420 pm.

R ZEOE AL E X Y

Table 1 The stability range for resonant stimulated Raman amplification”

By, HR/MUAEREN6 um, FRBOAAE K, 7552 BB

S5 B 1 A L AT D SR R B A 9k 1A S i

71y (0y/ (Upe)

Pump (W cm™)

10 14 20 40
1x10™ RFS ~10" 1x10" Ineff.
1x10" RFS, fil. 4x10" 4x10" Ineff.
1x10" RFS RFS RFS, fil. RFS, Ineff.

a)RFSZR T U ; LR ALL; Ineff F0R BE RS FAK. BUE SRR WO = 800 nm, wg = 2mc/A=2.36 x 1015 rad/s. BLHEFRE X

Hk[23]
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z 6 & r
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% 2 2 N
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of T |A T
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g a 22:
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2 2 1sxio2f
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S 3

5.0x102
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B 4 (SRR EDIEA RS T 230 i B8O, (a) Fas X AR R OR H i 2 AR B (b) Reue IX A1 BOK ) b1
JEAT AL FEBE G IR AT ; () ARARE X AT 6 ORI 2 AL I (d) AR SE X TRITBOR A 5 eils i Al 1

Figure 4 (Color online) The resonant stimulated Raman amplification under different parameter conditions [23]. (a) The spatiotemporal evolution of
seed light amplification within the stability region by SRBS; (b) the intensity distribution of seed in near-field and far-field focal spot, amplified in the
stability region by SRBS; (c) the spatiotemporal evolution of seed light amplification out-off the stability region by SRBS; (d) the intensity distribution

of seed in near-field and far-field focal spot, amplified out-off the stability region by SRBS.
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Figure 5 (Color online) The energy transfer efficiency varying with the plasma density and the intensity of pump [23]. (a) The RBS growth rates and
pump efficiency varying with the plasma density and the length of amplification medium; (b) the number of e-foldings G for pump RBS, pump RFS
and probe filamentation (FIL) varying with the plasma density, as well as the selected optimal stability range (blue shaded interval); (c) the number of
e-foldings G for pump RBS, pump RFS varying with the pump intensity, as well as the selected optimal stability range (blue shaded interval).
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Figure 6 (Color online) The temporal and spatial effects of output beam varying with the nonlinear instability of plasma [23]. (a) The feature of RFS
and modulation instability on the longitudinal (time characteristics) of amplified seed light; (b) the feature of instability of pump RFS and peak split
when the plasma density is large; (c) the effects on the transverse (spatial characteristics) of amplified seed by the nonlinear filamentation instability;
(d) three-dimensional intensity distribution even amplified the seed under optimal amplification parameters range.
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Figure 8 (Color online) The ionization fraction of neon of the later
presented PIC simulation [35].
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Figure 9 (Color online) Growth rate of SRBS obtained by numerical
solution of the Raman dispersion relation [35].
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Figure 11 The experimental setup of stimulated backscatter and
amplification [37].
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Figure 12 The seed output spectrogram of stimulated backscatter and
amplification [37]. (a) The spectral curve (right figure is the spectrum of
the original pump light); (b) the spectrum of the RBS produced by the
seed light relative to the pump light delay of 60 ns (the images of
measured picture and the spectral curve corresponding to the image); (c)
the spectrum of the RBS produced by the seed light relative to the pump
light delay of 80 ns (the images of measured picture and the spectral
curve corresponding to the image); (d) the spectrum of the RBS
produced by the seed light relative to the pump light delay of 100 ns (the
images of measured picture and the spectral curve corresponding to the
image).
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Figure 13 The interference fringe for detecting the electron density distribution by CCD2 [37]. (a) The interferogram was monitored by camera
CCD2; (b) the plasma density distribution obtained from the interferogram.
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[37].
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Figure 16 The experimental spectrograph for observation intensity
and amplified spectrum of stimulated backscatter and amplification
[38]. (a) The image of spectrometer in this experiment; (above) the
spectrum image of a original seed as the reference spectra; (below) the
spectrum image of a RBS amplified; (b) the RBS amplified signal
intensity spectrum (solid line) and reference spectrum (dotted line)
comparison; (c) the ratio of these two spectra.
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second pulse [30].
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Figure 18 (Color online) The spectral characteristics of the optimal
amplification [30]. (a) The relationship of seed amplification efficiency
and the pump delay; (b) the spectra of the initial seed (dashed line) and
output amplified seed (solid line).
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Figure 20 The experimental setup for observation of nonlinear
stimulated backscatter and amplification [36].
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Figure 21 The energy transfer relationship of pump and seed of
stimulated backscatter and amplification [36]. (a) The output of RBS’s

energy varying with the input of seed energy; (b) the output of RBS’s
energy varying with the input of pump energy.
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Figure 22 The normalized spectra of pump and seed for stimulated
backscatter and amplification [36]. (a) Normalized spectrum of pump
light; (b) normalized spectrum of seed light and output light.
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Figure 23 (Color online) The beam quality of pump and seed of
stimulated backscatter and amplification [36]. (a) The output spot image
when the seed light passes through the system, where there is no plasma
existed and no RBS amplification; (b) the output spot image when the
seed light passes through the system, where there is plasma existed and
RBS amplification.
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Figure 24 The amplified pulse duration narrowing with the pump
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Figure 25 (Color online) The experimental setup in the JETI for
Broadband stimulated Raman backscattering [35].
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Figure 26 (Color online) Comparison of measured spectra with
results from a PIC simulation. (a) The spectra measured by a

spectrometer (OceanOptics USB 4000); (b) the spectra traced and the
spectrum resulted from a PIC simulation.
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Figure 27 The experimental setup for observation of multi-pass
stimulated backscatter and amplification [42].
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Figure 28 (Color online) The experimental optical path configuration
and plasma density distribution for multi-pass stimulated backscatter
and amplification [42]. (a) The 2-dimensional distribution of the plasma
density and the two beam layout; (b) the 1-dimensional plasma density
profile along the axial direction (the dash-dot line in (a)) and along a
straight line (the solid line in (a)).
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Figure 29 (Color online) The experiment for contrasting seed
amplification efficiency with pump delay [42]. (a) The output energy
versus the pump pulse delay time for the seed pulse for the first pass; (b)
the output energy versus the pump pulse delay time for the second pass.
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Figure 30 (Color online) The beam quality of amplified pulse of
multi-pass stimulated backscatter and amplification [42]. (a) Before
amplification; (b) after amplification.
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Figure 31

(Color online) The amplified pulse spectra, waveform and compression of multi-pass stimulated backscatter and amplification [42]. (a) 2D

spectrum images of the input seed; (b) 2D spectrum images of the output amplified; (c) the spectrum intensity profiles of the input seed corresponding
(a); (d) the spectrum intensity profiles of the output amplified corresponding (b); () autocorrelation signals normalized by the autocorrelator factor of
1.4; (f) autocorrelator measurements of the pulse width for the pulse duration versus the energy of the amplified seed pulse.
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tion of stimulated backscatter and amplification in high energy [43].
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The new generation system for ultrahigh-power laser running over Exawatt (EW, 10'® W) level is emerging recently,
which is under a mechanism called Raman backscattering (RBS) in plasma. The main advantage of using plasma is that it
can tolerate much higher laser intensities, 10" W cm ™, more than five order of solid-state devices limited, 10" W cm ™.
Although Petawatt (PW, 10"° W) laser pulses have been realized by some groups based on the chirped pulse amplification
scheme (CPA), many cutting-edge scientific researches and technical applications, such as inertial confinement fusion
(ICF), plasma physics, astrophysics, plasma-based particle accelerators, and X-ray lasers, need even higher laser power
than EW level. For these purposes, huge laser projects like the extreme light infrastructure (ELI) have been proposed to
offer new paradigm in EW class laser power. However, such an ultrahigh intensity laser system could only be achieved
by CPA using very large (beyond 1 m®) and expensive compressor gratings. In addition, to extrapolate CPA to the EW
power range, hundreds of such gratings would be required. Even if there is enough budget, the problem of energy
restriction on the last grating is still under question. Therefore, it is crucial to find a new medium or new technology for
generating femtosecond ultra-intense laser pulses. This paper introduces a solution for generating laser intensities many
orders of magnitude higher than currently results. This technology of optical amplification that a process known as
Raman backscattering amplification and compression could enable the generation of femtosecond pulses of 20000 times
the original seed intensity in a column of plasma just a few millimeters in length and less than a millimeter in width,
without stretcher and compressor. Such sufficient high intensity and lower frequency of the pulse amplification indeed
have got into super-radiant amplification regime (SRA) or stimulated Raman backscattering (SRBS). It has revealed that
an unprecedented large pulse intensity amplification could be realized. The seed pulse will be compressed to 25 fs and its
unfocused intensity increased from 1% 10" to 4x10"7 W c¢m % Furthermore, it could be increased further to around 1x10%
W cm ™ by focusing the resulting beam to 1 pm. Therefore, it might be possible to increase this power up to EW in a
larger plasma and using more powerful optical pumping.

ultrafast laser, ultrahigh-power laser, plasma, stimulated backscatter and amplification, resonant
stimulated Raman amplification, femtosecond laser system

PACS: 52.38.Bv, 42.65.Dr, 42.55.Ye, 52.35.Mw, 52.40.Db, 42.65.Re, 52.27 Ny, 52.38.-1, 52.59.-f, 52.38.Hb
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