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Fig. 1. Schematic setup of the time lens concept (MZ, Mach-Zehnder modulator; YDFA, ytterbium-doped fiber amplifier; AWG, ar-

bitrary waveform generator; BPF, band-pass filter; PM, phase modulator; G1 and G2, gratingl and grating2).
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Fig. 4. Evolution of the spectrum (a) and shape (b) of the
pulse after different round trips of phase modulation (be-
fore compression) when the dispersion and nonlinear effects

of fibers are included.
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Fig. 5. Final output pulse shape with different grating-pair distance settings (the number of fiber loops is set to 20 turns and the

grating pair angle is set to 30 degrees).

154201-5


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 68, No. 15 (2019) 154201

SIS R G B, kR 2 2 B TR 4

Bl R R, 5 X = 1.7, Bk e ter R
IGEEECAE (55 B, P SEORE (0 =
30°, d = 3 m), ZeATi AKX 2 e i i
di ke Re g e . aniEl 6 B, B 4G 5 K
PRI GE IS BE R38N (T R BTG N, kol
TP JR T T P T K, e A it R K b B
FEBRZE , ot ok i 5 i Jok i (1 ) 3R R0 G BE
B (1.25—2.5). 18 6 H S U 1 I et
i kbR RE RSN, R A ok R I i 45 31 P A 2800
AT SRR R, A R T O, TE R4 R4 T
ik B 25 G e 4

;3 (a) f\\\

08 b s L
Zorp-TmE3 H\
Sool —nse LA
Esb e [ AL
A
R
“ 02 L

o (TN EERRL

S

0

1047 1050 1053 1056 1059
Wavelength/nm
1.0 :
09| ™ vm
0 i
Zorl.T—m=3 / H
é 0.6 __,T,rfji // - \
i 0.5 m=0 // [-4, \
2 04 IR
E s /] |
“ o /| |\
o /] \
. J /] N

—1000 —800 —600 —400 —200 O 200 400 600 800
Time/ps

L6 A K i BE i BE X 25 5 B (8] 3% 5 R B2 2 ) B ARG
JESE () FKIEIE (b) 095300

Fig. 6. Influences of the input pulse shape (different orders
of Gaussian function) on the spectrum (a) and pulse shape

(b) of the output pulse after being operated by the time

lens system.
3.3 SR IEEN PSRk e R R
IR AT, Y KR AR A [R] A i

i, WA Z0TEE T X B (I 1 3 R 4 A R
PR AR E MERE R R 0 b Dk o S e A R T Y
PR 3R 325 AR L I i %) i v et 55 A S 18 1 Y
YB3 AR 8 ) R 5 i 1) S B R SR AR
VR 5 TR A 6. AR SCRIF A 38 el s G 2
B (9 = 30°, d = 3 m), $FAFIHRE I 5 Y
ik w2 3= A IR 4 YA FE 4R S B0 Tk b 46, A
TR HH AR DK B A 7% Bl A s A0 4 2 0l ok o
PRIBCANAR | A7 81 A RN 3 Ao o5 A A 90
TR EE RN i Bk MU ek i e v . [ 7 A
PREL X = 1.7, m = 5, ZEMEHIIR fEA R
1.17 GHz. A7 I8 6 55 % £ 1% & 29 1.31 GHz,
EEHDEHTSHAE (9 = 30°, d =3 m), K 7(a)
FETRAROE TR UBBEE 55 BT, AR 8 i % ik
TR, V)R e 28 3k AR AT R ) 22 A R TR, Y
PR HIR B 40, LEE R ] PR %L O 2 T0 1 58 40
Tk vhA55 pR %k, BIAE = ARG . 1K 7(b) Ffom
)2 FK T i i G A, K PR 7R o B R 4R, (R
— B RgR Pkt s A, B 7(c) #m
AEASE ] 1) R BE B 30 B, AR IR R Bk 22 ) T fik
P2 AR PR 2 05 A R SRR K. & T(d) #
VAN 2o UK S ONEP Nl N DO RG s 1 QU LY (== VA
TR B Z 0 OG5 e SE 8K bk .45 J5 i bk 58
R | X LU R

3.4 FHERFEMRERTEEASEIET TR

e Bl bl KT S, AT RE S AR B B
Yy S A R RN R AR G bl bk b, 22 LA L
ST, R e ik bk RS B 4 DRER A 0 4R
PRV, AH AL i ) PR KR SEAERT R 46 55 24, DAt
AR G Bt RS R BRI sl bk o 98 1
— R A S ) i K i (EL D) R LU | sl R
TIE el K e F 0y 3 Xof L JBE — i gt <7 42 il bl
ok i G LR T R ) e A B SRR AR 2%

ISR B G A E , IR AL AR I 1]
Z IR W v b, (A 1R (R i) (0
TR MR R AR OC T, rhili kb SE0E 5
el Ik RS IO B4 5 RE DR (LA 2 IR AR, IR
SR UL (LA o1 ) RGeS i, RIal ol
Pl wh ks Bk PO (R R R AT LURE . SRty ik b Y
ik v e A= AR Ak, DU HE X IO ) 5 R R L 2 R AR
. FEXFEOL T, WoZBZR G 35 R 0 (4

154201-6


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 68, No. 15 (2019) 154201

1.0 r
0.9 (a) ‘T Maddulation depth
’ —— 20
e —_—_25 1.0

> 0.8 » ‘ Tt %}

@ 0.7 =35 .

g 10 5 08

g +

g 06 E 06

] 3 e

§ 05 S 04y

) E}

: 0.4 £ 02f

e}

S 03 2 ol
0.2 —1000
0.1

0
1038 1044 1050 1056 1062 1068
Wavelength/nm
1.0 — . o Sl
0.9 () J} 1\\ Round.trip (d) P T PR
U 11 b L0

: o il =2 | ¢

b= —— 33 !

S . LU =5 :

g 55 =

g 06 H ‘ o

9}

T 05 3

S , , =

T 0.4 g

: L :

o 0.3 Z,

z I I ______
v I R O T 35
0.1

3 .
ol——ro ! L\ R 100011 2 et ¥
1047 1050 1053 1056 1059 RO

Wavelength/nm

Bl 7 4R — s B, W00 58 BN —RE BB i i th S B kel (a), (b) R EHIER BER R BN T, SIS R BT -5 Wi 4 i
JERIRK T (c), (d) FRAAR LA I BOAR R, B3 Jre T 5 4 48 i o1 s 1) ok ol

Fig. 7. Output pulse after different amount of spectrum broadening when the amount of compression is constant: (a), (b) Broaden-
ing spectrum and the output pulse after different modulation depth; (¢), (d) the broadening spectrum and output pulse after differ-
ent round trips.

Lol h=108cH (a) 1o X fi/GHz f,/GHz| d/m (®)
. AP g 7 : ——20 136 146 265 [
‘ —— 1.7 117 | 1.31 | 3.00 |
— fi=1.17 GHz |
> 0.8 : ol ———15 102 119 340 [ § VR
-*é =110 G § = —— 14 095 | 112 371
8 fi=1.24 GHz i 2 1.3 0 0.89 | 1.07 | 3.89
\
%06 £ 06 \
el =}
Q "
N _— ‘ -8 e e \J
£ | 7/
£ 0.4 N/ ‘ = 04
s ‘ g
1 -
Z ‘ S)
‘ Z
0.2 ‘ 0.2
|
I
0 //) L} 0 : J
—400 —300 —200 —100 O 100 200 300 —500 —400 —300 —200 —100 O 100 200 300

Time/ps Time/ps
K8 AFESE T B Rk ik ol (a) $ 0 b Pkl 52 B AR, WS o Jik e 0 (B ) <00 LU (b) 48 ) oo UK e
EIIRZHAAE, s ek kb o B2
Fig. 8. Final output pulse under different combined-parameter design: (a) Tuning the ratio of the peak power of the shock pulse and

the compress pulse while keeping the shock pulse width unchanged; (b) modifying the shock pulse width while keeping the ratio of
the peak power of the shock pulse to the compress pulse unchanged.

TR R | OGRS ) A A B DR ol b ik e RO e 25 G S RO A REBRAIE rh i bk
DX HEREANAR . [A] i 1od 29 J52 e AR A2 41 il ey IS (] DIy 3T L JRE — i sl 7 42 o ot ok o 53 2

154201-7


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Y 32 % 3R Acta Phys. Sin. Vol. 68, No. 15 (2019)

154201

K 8(a) /1, Bk s X = 1.7, S g m = 5,
AEASE 5] 1) R 5 I R B SR 30, A i AR
[ E 1 1.31 GHz, YL RHIRLERIETN 55, 5
FOEHES SHORE (9 = 30°, d = 3 m), i
2 MR 1 AR A B[] 325 5% 2R G0 e 24 AT DA S %)
e il o o B e 9 Jok 5 N A8 T B R e fok g
HIREXF HEEE. [ 8(b) H, B il ek b s 3 B
$om = 5, MR RECT IR RGBS 30, LR IR
(IR ZE B BN 55, SEHEXT ) f BE R AR S (0 =
30°). 38 A T AT PR X AR S L A
A A AR ST ) (R R 2] DA SE
PR it J o %) WA T 238 ) X B AN 72 T
s ks ok i

4 % b

ARSCEEWRTE TR G BRARAL A 6 5 e
Xt e 45 14 P 1) 375 . 2 29824 52 AL v A B T 42 1) o o
fiktr, g it T BARR TSRO MR T OGS
Kot s Bk b PEBERY I . AIFTE A, HARAL IR
PREICR T3 Be sREIOT BRAE w81 4515 AN ], ik
A5 P A A ik i e ok o ek B L AR A2 30 A L A
PEVRIRIITAR | e 4 5 2SR, R A5 Fh
PERERS AR 23 nT I A bl k. 2 ks Jik b ) o
7 U A SR DR RIS S L A8 s 4 i, mT L i
e 6 SR A o o J b ) el L, LIRS i
i, B di A Jok vpeofs 2 eI 0 5 e oy T |
S et fok e GE U € £ 240 63 i i ik o s 30 o K
IR, BB, 2 ARAL YA i 2 05 Y et ik
R OUIER BEU, b T B R WA s S I 4 i A A
Ly th ki B 1 9 2 B B AE S BTG R S
I R G RO, PR A 5 R 4. AR SCER
H T b bk b AR T RERE XS v K e K
Vi KR BEE BE | XF ERE | kb BOE SE SRS
AT KT RE Bl S scs b S B R il
kR Bt T —RhT .

S7% 30k

[1] Ongena J, Koch R, Wolf R, Zohm H 2016 Nat. Phys. 12 398

[2] Lowdermilk W H 1997 Proc. SPIE 3047 16

[3] Lindl J D 1995 Phys. Plasmas 2 3933

[4] Lindl J D, Amendt P, Berger R L, Glendinning S G, Glenzer
S H, Haan S W, Kauffman R L, Landen O L, Suter L J 2004
Phys. Plasmas 11 339

[6] Hurricane O A, Callahan D A, Casey D T, Celliers P M,
Cerjan C, Dewald E L, Dittrich T R, Doppner T, Hinkel D E,
Hopkins L F B, Kline J L, Le Pape S, Ma T, MacPhee A G,
Milovich J L, Pak A, Park H S, Patel P K, Remington B A,
Salmonson J D, Springer P T, Tommasini R 2014 Nature 506
343

[6] Wang W M, Gibbon P, Sheng Z M, Li Y T 2015 Phys. Rev.
Lett. 114 015001

[7] Tabak M, Hammer J, Glinsky M E, Kruer W L, Wilks S C,
Woodworth J, Campbell E M, Perry M D 1994 Phys.
Plasmas 1 1626

[8] Betti R, Zhou C D, Anderson K S, Perkins L J, Theobald W,
Solodov A A 2007 Phys. Rev. Lett. 98 155001

[9] Cristoforetti G, Antonelli L, Atzeni S, Baffigi F, Barbato F,
Batani D, Boutoux G, Colaitis A, Dostal J, Dudzak R, Juha
L, Koester P, Marocchino A, Mancelli D, Nicolai P, Renner
O, Santos J J, Schiavi A, Skoric M M, Smid M, Straka P,
Gizzi L A 2018 Phys. Plasmas 25 012702

[10] Yuan Q, Hu D X, Zhang X, Zhao J P, Hu S D, Huang W H,
Wei X F 2011 Acta Phys. Sin. 60 015202 (in Chinese) 33,
WREL, JkEE, BN, SRR, B0y, BRIE 2011 MBI
60 015202]

[11] Moses E I, Boyd R N, Remington B A, Keane C J, Al-Ayat R
2009 Phys. Plasmas 16 041006

[12] Theobald W, Nora R, Seka W, Lafon M, Anderson K S,
Hohenberger M, Marshall F J, Michel D T, Solodov A A,
Stoeckl C, Edgell D H, Yaakobi B, Casner A, Reverdin C,
Ribeyre X, Shvydky A, Vallet A, Peebles J, Beg F N, Wei M
S, Betti R 2015 Phys. Plasmas 22 056310

[13] Nora R, Theobald W, Betti R, Marshall F J, Michel D T,
Seka W, Yaakobi B, Lafon M, Stoeckl C, Delettrez J, Solodov
A A, Casner A, Reverdin C, Ribeyre X, Vallet A, Peebles J,
Beg F N, Wei M S 2015 Phys. Rev. Lett. 114 045001

[14] Casner A, Caillaud T, Darbon S, Duval A, Thfouin I, Jadaud
J P, LeBreton J P, Reverdin C, Rosse B, Rosch R, Blanchot
N, Villette B, Wrobel R, Miquel J L 2015 High Energy
Density Phys. 17 2

[15] Batani D, Koenig M, Baton S, Perez F, Gizzi L A, Koester P,
Labate L, Honrubia J, Antonelli L, Morace A, Volpe L,
Santos J, Schurtz G, Hulin S, Ribeyre X, Fourment C,
Nicolai P, Vauzour B, Gremillet L, Nazarov W, Pasley J,
Richetta M, Lancaster K, Spindloe Ch, Tolley M, Neely D,
Kozlova M, Nejdl J, Rus B, Wolowski J, Badziak J, Dorchies
F 2011 Plasma Phys. Controll. Fusion 53 124041

[16] Yuan Q, Hu D X, Zhang X, Zhao J P, Hu S D, Huang W H,
Wei X F 2011 Acta Phys. Sin. 60 045207 (in Chinese) [Z3&,
FIAREE, k&, B4, BIRUS, W30S, BRI 2011 P)RE a4l
60 045207]

[17) Batani D, Baton S, Casner A, Depierreux S, Hohenberger M,
Klimo O, Koenig M, Labaune C, Ribeyre X, Rousseaux C,
Schurtz G, Theobald W, Tikhonchuk V T 2014 Nucl. Fusion
54 054009

[18] Perkins L J, Betti R, LaFortune K N, Williams W H 2009
Phys. Rev. Lett. 103 045004

[19] Yuan Q, Wei X F, Zhang X M, Zhang X, Zhao J P, Huang
W H, Hu D X 2012 Acta Phys. Sin. 61 114206 (in Chinese)
(o, BB, sk/NR, ok, AT, sy, WIRER 2012 9
FHAEH7 61 114206]

[20] Howe J V, Lee J H, Xu C 2007 Opt. Lett. 32 1408

[21] Foster M A, Salem R, Geraghty D F, Turner-Foster A C,
Lipson M, Gaeta A L 2008 Nature 456 81

[22] Backus S, Durfee C G, Murnane M M, Kapteyn H C 1998
Rev. Sci. Instrum. 69 1207

154201-8


http://dx.doi.org/10.1038/nphys3745
http://dx.doi.org/10.1038/nphys3745
http://dx.doi.org/10.1038/nphys3745
http://dx.doi.org/10.1038/nphys3745
http://dx.doi.org/10.1038/nphys3745
http://dx.doi.org/10.1117/12.294296
http://dx.doi.org/10.1117/12.294296
http://dx.doi.org/10.1117/12.294296
http://dx.doi.org/10.1117/12.294296
http://dx.doi.org/10.1117/12.294296
http://dx.doi.org/10.1063/1.871025
http://dx.doi.org/10.1063/1.871025
http://dx.doi.org/10.1063/1.871025
http://dx.doi.org/10.1063/1.871025
http://dx.doi.org/10.1063/1.871025
http://dx.doi.org/10.1063/1.1578638
http://dx.doi.org/10.1063/1.1578638
http://dx.doi.org/10.1063/1.1578638
http://dx.doi.org/10.1063/1.1578638
http://dx.doi.org/10.1038/nature13008
http://dx.doi.org/10.1038/nature13008
http://dx.doi.org/10.1038/nature13008
http://dx.doi.org/10.1038/nature13008
http://dx.doi.org/10.1103/PhysRevLett.114.015001
http://dx.doi.org/10.1103/PhysRevLett.114.015001
http://dx.doi.org/10.1103/PhysRevLett.114.015001
http://dx.doi.org/10.1103/PhysRevLett.114.015001
http://dx.doi.org/10.1103/PhysRevLett.114.015001
http://dx.doi.org/10.1063/1.870664
http://dx.doi.org/10.1063/1.870664
http://dx.doi.org/10.1063/1.870664
http://dx.doi.org/10.1063/1.870664
http://dx.doi.org/10.1063/1.870664
http://dx.doi.org/10.1103/PhysRevLett.98.155001
http://dx.doi.org/10.1103/PhysRevLett.98.155001
http://dx.doi.org/10.1103/PhysRevLett.98.155001
http://dx.doi.org/10.1103/PhysRevLett.98.155001
http://dx.doi.org/10.1103/PhysRevLett.98.155001
http://dx.doi.org/10.1063/1.5006021
http://dx.doi.org/10.1063/1.5006021
http://dx.doi.org/10.1063/1.5006021
http://dx.doi.org/10.1063/1.5006021
http://dx.doi.org/10.1063/1.5006021
http://dx.doi.org/10.7498/aps.60.015202
http://dx.doi.org/10.7498/aps.60.015202
http://dx.doi.org/10.7498/aps.60.015202
http://dx.doi.org/10.7498/aps.60.015202
http://dx.doi.org/10.7498/aps.60.015202
http://dx.doi.org/10.7498/aps.60.015202
http://dx.doi.org/10.7498/aps.60.015202
http://dx.doi.org/10.7498/aps.60.015202
http://dx.doi.org/10.7498/aps.60.015202
http://dx.doi.org/10.1063/1.3116505
http://dx.doi.org/10.1063/1.3116505
http://dx.doi.org/10.1063/1.3116505
http://dx.doi.org/10.1063/1.3116505
http://dx.doi.org/10.1063/1.3116505
https://aip.scitation.org/doi/abs/10.1063/1.4920956
https://aip.scitation.org/doi/abs/10.1063/1.4920956
https://aip.scitation.org/doi/abs/10.1063/1.4920956
https://aip.scitation.org/doi/abs/10.1063/1.4920956
https://aip.scitation.org/doi/abs/10.1063/1.4920956
http://dx.doi.org/10.1103/PhysRevLett.114.045001
http://dx.doi.org/10.1103/PhysRevLett.114.045001
http://dx.doi.org/10.1103/PhysRevLett.114.045001
http://dx.doi.org/10.1103/PhysRevLett.114.045001
http://dx.doi.org/10.1103/PhysRevLett.114.045001
http://dx.doi.org/10.1016/j.hedp.2014.11.009
http://dx.doi.org/10.1016/j.hedp.2014.11.009
http://dx.doi.org/10.1016/j.hedp.2014.11.009
http://dx.doi.org/10.1016/j.hedp.2014.11.009
http://dx.doi.org/10.1016/j.hedp.2014.11.009
http://dx.doi.org/10.1088/0741-3335/53/12/124041
http://dx.doi.org/10.1088/0741-3335/53/12/124041
http://dx.doi.org/10.1088/0741-3335/53/12/124041
http://dx.doi.org/10.1088/0741-3335/53/12/124041
http://dx.doi.org/10.1088/0741-3335/53/12/124041
http://dx.doi.org/10.7498/aps.60.045207
http://dx.doi.org/10.7498/aps.60.045207
http://dx.doi.org/10.7498/aps.60.045207
http://dx.doi.org/10.7498/aps.60.045207
http://dx.doi.org/10.7498/aps.60.045207
http://dx.doi.org/10.7498/aps.60.045207
http://dx.doi.org/10.7498/aps.60.045207
http://dx.doi.org/10.7498/aps.60.045207
http://dx.doi.org/10.7498/aps.60.045207
http://dx.doi.org/10.1088/0029-5515/54/5/054009
http://dx.doi.org/10.1088/0029-5515/54/5/054009
http://dx.doi.org/10.1088/0029-5515/54/5/054009
http://dx.doi.org/10.1088/0029-5515/54/5/054009
http://dx.doi.org/10.1103/PhysRevLett.103.045004
http://dx.doi.org/10.1103/PhysRevLett.103.045004
http://dx.doi.org/10.1103/PhysRevLett.103.045004
http://dx.doi.org/10.1103/PhysRevLett.103.045004
http://dx.doi.org/10.7498/aps.61.114206
http://dx.doi.org/10.7498/aps.61.114206
http://dx.doi.org/10.7498/aps.61.114206
http://dx.doi.org/10.7498/aps.61.114206
http://dx.doi.org/10.7498/aps.61.114206
http://dx.doi.org/10.7498/aps.61.114206
http://dx.doi.org/10.7498/aps.61.114206
http://dx.doi.org/10.7498/aps.61.114206
http://dx.doi.org/10.7498/aps.61.114206
http://dx.doi.org/10.7498/aps.61.114206
http://dx.doi.org/10.7498/aps.61.114206
http://dx.doi.org/10.1364/OL.32.001408
http://dx.doi.org/10.1364/OL.32.001408
http://dx.doi.org/10.1364/OL.32.001408
http://dx.doi.org/10.1364/OL.32.001408
http://dx.doi.org/10.1364/OL.32.001408
http://dx.doi.org/10.1038/nature07430
http://dx.doi.org/10.1038/nature07430
http://dx.doi.org/10.1038/nature07430
http://dx.doi.org/10.1038/nature07430
http://dx.doi.org/10.1038/nature07430
http://dx.doi.org/10.1063/1.1148795
http://dx.doi.org/10.1063/1.1148795
http://dx.doi.org/10.1063/1.1148795
http://dx.doi.org/10.1063/1.1148795
http://dx.doi.org/10.1038/nphys3745
http://dx.doi.org/10.1038/nphys3745
http://dx.doi.org/10.1038/nphys3745
http://dx.doi.org/10.1038/nphys3745
http://dx.doi.org/10.1038/nphys3745
http://dx.doi.org/10.1117/12.294296
http://dx.doi.org/10.1117/12.294296
http://dx.doi.org/10.1117/12.294296
http://dx.doi.org/10.1117/12.294296
http://dx.doi.org/10.1117/12.294296
http://dx.doi.org/10.1063/1.871025
http://dx.doi.org/10.1063/1.871025
http://dx.doi.org/10.1063/1.871025
http://dx.doi.org/10.1063/1.871025
http://dx.doi.org/10.1063/1.871025
http://dx.doi.org/10.1063/1.1578638
http://dx.doi.org/10.1063/1.1578638
http://dx.doi.org/10.1063/1.1578638
http://dx.doi.org/10.1063/1.1578638
http://dx.doi.org/10.1038/nphys3745
http://dx.doi.org/10.1038/nphys3745
http://dx.doi.org/10.1038/nphys3745
http://dx.doi.org/10.1038/nphys3745
http://dx.doi.org/10.1038/nphys3745
http://dx.doi.org/10.1117/12.294296
http://dx.doi.org/10.1117/12.294296
http://dx.doi.org/10.1117/12.294296
http://dx.doi.org/10.1117/12.294296
http://dx.doi.org/10.1117/12.294296
http://dx.doi.org/10.1063/1.871025
http://dx.doi.org/10.1063/1.871025
http://dx.doi.org/10.1063/1.871025
http://dx.doi.org/10.1063/1.871025
http://dx.doi.org/10.1063/1.871025
http://dx.doi.org/10.1063/1.1578638
http://dx.doi.org/10.1063/1.1578638
http://dx.doi.org/10.1063/1.1578638
http://dx.doi.org/10.1063/1.1578638
http://dx.doi.org/10.1038/nature13008
http://dx.doi.org/10.1038/nature13008
http://dx.doi.org/10.1038/nature13008
http://dx.doi.org/10.1038/nature13008
http://dx.doi.org/10.1103/PhysRevLett.114.015001
http://dx.doi.org/10.1103/PhysRevLett.114.015001
http://dx.doi.org/10.1103/PhysRevLett.114.015001
http://dx.doi.org/10.1103/PhysRevLett.114.015001
http://dx.doi.org/10.1103/PhysRevLett.114.015001
http://dx.doi.org/10.1063/1.870664
http://dx.doi.org/10.1063/1.870664
http://dx.doi.org/10.1063/1.870664
http://dx.doi.org/10.1063/1.870664
http://dx.doi.org/10.1063/1.870664
http://dx.doi.org/10.1103/PhysRevLett.98.155001
http://dx.doi.org/10.1103/PhysRevLett.98.155001
http://dx.doi.org/10.1103/PhysRevLett.98.155001
http://dx.doi.org/10.1103/PhysRevLett.98.155001
http://dx.doi.org/10.1103/PhysRevLett.98.155001
http://dx.doi.org/10.1063/1.5006021
http://dx.doi.org/10.1063/1.5006021
http://dx.doi.org/10.1063/1.5006021
http://dx.doi.org/10.1063/1.5006021
http://dx.doi.org/10.1063/1.5006021
http://dx.doi.org/10.7498/aps.60.015202
http://dx.doi.org/10.7498/aps.60.015202
http://dx.doi.org/10.7498/aps.60.015202
http://dx.doi.org/10.7498/aps.60.015202
http://dx.doi.org/10.7498/aps.60.015202
http://dx.doi.org/10.7498/aps.60.015202
http://dx.doi.org/10.7498/aps.60.015202
http://dx.doi.org/10.7498/aps.60.015202
http://dx.doi.org/10.7498/aps.60.015202
http://dx.doi.org/10.1063/1.3116505
http://dx.doi.org/10.1063/1.3116505
http://dx.doi.org/10.1063/1.3116505
http://dx.doi.org/10.1063/1.3116505
http://dx.doi.org/10.1063/1.3116505
https://aip.scitation.org/doi/abs/10.1063/1.4920956
https://aip.scitation.org/doi/abs/10.1063/1.4920956
https://aip.scitation.org/doi/abs/10.1063/1.4920956
https://aip.scitation.org/doi/abs/10.1063/1.4920956
https://aip.scitation.org/doi/abs/10.1063/1.4920956
http://dx.doi.org/10.1103/PhysRevLett.114.045001
http://dx.doi.org/10.1103/PhysRevLett.114.045001
http://dx.doi.org/10.1103/PhysRevLett.114.045001
http://dx.doi.org/10.1103/PhysRevLett.114.045001
http://dx.doi.org/10.1103/PhysRevLett.114.045001
http://dx.doi.org/10.1016/j.hedp.2014.11.009
http://dx.doi.org/10.1016/j.hedp.2014.11.009
http://dx.doi.org/10.1016/j.hedp.2014.11.009
http://dx.doi.org/10.1016/j.hedp.2014.11.009
http://dx.doi.org/10.1016/j.hedp.2014.11.009
http://dx.doi.org/10.1088/0741-3335/53/12/124041
http://dx.doi.org/10.1088/0741-3335/53/12/124041
http://dx.doi.org/10.1088/0741-3335/53/12/124041
http://dx.doi.org/10.1088/0741-3335/53/12/124041
http://dx.doi.org/10.1088/0741-3335/53/12/124041
http://dx.doi.org/10.7498/aps.60.045207
http://dx.doi.org/10.7498/aps.60.045207
http://dx.doi.org/10.7498/aps.60.045207
http://dx.doi.org/10.7498/aps.60.045207
http://dx.doi.org/10.7498/aps.60.045207
http://dx.doi.org/10.7498/aps.60.045207
http://dx.doi.org/10.7498/aps.60.045207
http://dx.doi.org/10.7498/aps.60.045207
http://dx.doi.org/10.7498/aps.60.045207
http://dx.doi.org/10.1088/0029-5515/54/5/054009
http://dx.doi.org/10.1088/0029-5515/54/5/054009
http://dx.doi.org/10.1088/0029-5515/54/5/054009
http://dx.doi.org/10.1088/0029-5515/54/5/054009
http://dx.doi.org/10.1103/PhysRevLett.103.045004
http://dx.doi.org/10.1103/PhysRevLett.103.045004
http://dx.doi.org/10.1103/PhysRevLett.103.045004
http://dx.doi.org/10.1103/PhysRevLett.103.045004
http://dx.doi.org/10.7498/aps.61.114206
http://dx.doi.org/10.7498/aps.61.114206
http://dx.doi.org/10.7498/aps.61.114206
http://dx.doi.org/10.7498/aps.61.114206
http://dx.doi.org/10.7498/aps.61.114206
http://dx.doi.org/10.7498/aps.61.114206
http://dx.doi.org/10.7498/aps.61.114206
http://dx.doi.org/10.7498/aps.61.114206
http://dx.doi.org/10.7498/aps.61.114206
http://dx.doi.org/10.7498/aps.61.114206
http://dx.doi.org/10.7498/aps.61.114206
http://dx.doi.org/10.1364/OL.32.001408
http://dx.doi.org/10.1364/OL.32.001408
http://dx.doi.org/10.1364/OL.32.001408
http://dx.doi.org/10.1364/OL.32.001408
http://dx.doi.org/10.1364/OL.32.001408
http://dx.doi.org/10.1038/nature07430
http://dx.doi.org/10.1038/nature07430
http://dx.doi.org/10.1038/nature07430
http://dx.doi.org/10.1038/nature07430
http://dx.doi.org/10.1038/nature07430
http://dx.doi.org/10.1063/1.1148795
http://dx.doi.org/10.1063/1.1148795
http://dx.doi.org/10.1063/1.1148795
http://dx.doi.org/10.1063/1.1148795
http://dx.doi.org/10.1038/nature13008
http://dx.doi.org/10.1038/nature13008
http://dx.doi.org/10.1038/nature13008
http://dx.doi.org/10.1038/nature13008
http://dx.doi.org/10.1103/PhysRevLett.114.015001
http://dx.doi.org/10.1103/PhysRevLett.114.015001
http://dx.doi.org/10.1103/PhysRevLett.114.015001
http://dx.doi.org/10.1103/PhysRevLett.114.015001
http://dx.doi.org/10.1103/PhysRevLett.114.015001
http://dx.doi.org/10.1063/1.870664
http://dx.doi.org/10.1063/1.870664
http://dx.doi.org/10.1063/1.870664
http://dx.doi.org/10.1063/1.870664
http://dx.doi.org/10.1063/1.870664
http://dx.doi.org/10.1103/PhysRevLett.98.155001
http://dx.doi.org/10.1103/PhysRevLett.98.155001
http://dx.doi.org/10.1103/PhysRevLett.98.155001
http://dx.doi.org/10.1103/PhysRevLett.98.155001
http://dx.doi.org/10.1103/PhysRevLett.98.155001
http://dx.doi.org/10.1063/1.5006021
http://dx.doi.org/10.1063/1.5006021
http://dx.doi.org/10.1063/1.5006021
http://dx.doi.org/10.1063/1.5006021
http://dx.doi.org/10.1063/1.5006021
http://dx.doi.org/10.7498/aps.60.015202
http://dx.doi.org/10.7498/aps.60.015202
http://dx.doi.org/10.7498/aps.60.015202
http://dx.doi.org/10.7498/aps.60.015202
http://dx.doi.org/10.7498/aps.60.015202
http://dx.doi.org/10.7498/aps.60.015202
http://dx.doi.org/10.7498/aps.60.015202
http://dx.doi.org/10.7498/aps.60.015202
http://dx.doi.org/10.7498/aps.60.015202
http://dx.doi.org/10.1063/1.3116505
http://dx.doi.org/10.1063/1.3116505
http://dx.doi.org/10.1063/1.3116505
http://dx.doi.org/10.1063/1.3116505
http://dx.doi.org/10.1063/1.3116505
https://aip.scitation.org/doi/abs/10.1063/1.4920956
https://aip.scitation.org/doi/abs/10.1063/1.4920956
https://aip.scitation.org/doi/abs/10.1063/1.4920956
https://aip.scitation.org/doi/abs/10.1063/1.4920956
https://aip.scitation.org/doi/abs/10.1063/1.4920956
http://dx.doi.org/10.1103/PhysRevLett.114.045001
http://dx.doi.org/10.1103/PhysRevLett.114.045001
http://dx.doi.org/10.1103/PhysRevLett.114.045001
http://dx.doi.org/10.1103/PhysRevLett.114.045001
http://dx.doi.org/10.1103/PhysRevLett.114.045001
http://dx.doi.org/10.1016/j.hedp.2014.11.009
http://dx.doi.org/10.1016/j.hedp.2014.11.009
http://dx.doi.org/10.1016/j.hedp.2014.11.009
http://dx.doi.org/10.1016/j.hedp.2014.11.009
http://dx.doi.org/10.1016/j.hedp.2014.11.009
http://dx.doi.org/10.1088/0741-3335/53/12/124041
http://dx.doi.org/10.1088/0741-3335/53/12/124041
http://dx.doi.org/10.1088/0741-3335/53/12/124041
http://dx.doi.org/10.1088/0741-3335/53/12/124041
http://dx.doi.org/10.1088/0741-3335/53/12/124041
http://dx.doi.org/10.7498/aps.60.045207
http://dx.doi.org/10.7498/aps.60.045207
http://dx.doi.org/10.7498/aps.60.045207
http://dx.doi.org/10.7498/aps.60.045207
http://dx.doi.org/10.7498/aps.60.045207
http://dx.doi.org/10.7498/aps.60.045207
http://dx.doi.org/10.7498/aps.60.045207
http://dx.doi.org/10.7498/aps.60.045207
http://dx.doi.org/10.7498/aps.60.045207
http://dx.doi.org/10.1088/0029-5515/54/5/054009
http://dx.doi.org/10.1088/0029-5515/54/5/054009
http://dx.doi.org/10.1088/0029-5515/54/5/054009
http://dx.doi.org/10.1088/0029-5515/54/5/054009
http://dx.doi.org/10.1103/PhysRevLett.103.045004
http://dx.doi.org/10.1103/PhysRevLett.103.045004
http://dx.doi.org/10.1103/PhysRevLett.103.045004
http://dx.doi.org/10.1103/PhysRevLett.103.045004
http://dx.doi.org/10.7498/aps.61.114206
http://dx.doi.org/10.7498/aps.61.114206
http://dx.doi.org/10.7498/aps.61.114206
http://dx.doi.org/10.7498/aps.61.114206
http://dx.doi.org/10.7498/aps.61.114206
http://dx.doi.org/10.7498/aps.61.114206
http://dx.doi.org/10.7498/aps.61.114206
http://dx.doi.org/10.7498/aps.61.114206
http://dx.doi.org/10.7498/aps.61.114206
http://dx.doi.org/10.7498/aps.61.114206
http://dx.doi.org/10.7498/aps.61.114206
http://dx.doi.org/10.1364/OL.32.001408
http://dx.doi.org/10.1364/OL.32.001408
http://dx.doi.org/10.1364/OL.32.001408
http://dx.doi.org/10.1364/OL.32.001408
http://dx.doi.org/10.1364/OL.32.001408
http://dx.doi.org/10.1038/nature07430
http://dx.doi.org/10.1038/nature07430
http://dx.doi.org/10.1038/nature07430
http://dx.doi.org/10.1038/nature07430
http://dx.doi.org/10.1038/nature07430
http://dx.doi.org/10.1063/1.1148795
http://dx.doi.org/10.1063/1.1148795
http://dx.doi.org/10.1063/1.1148795
http://dx.doi.org/10.1063/1.1148795
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 % 3R Acta Phys. Sin. Vol. 68, No. 15 (2019) 154201

Generation and characteristics of shock optical pulses based
on a fiber-loop time-lens system"

1)2)

Xiao Hong-Jing Huang Chao'?  Tang Yu-LongV?" Xu Jian-QiuY?

1) (Key Laboratory for Laser Plasmas (Ministry of Education) and School of Physics and Astronomy,
Shanghai Jiao Tong University, Shanghai 200240, China)

2) (IFSA Collaborative Innovation Center, Shanghai Jiao Tong University, Shanghai 200240, China)
( Received 25 February 2019; revised manuscript received 22 April 2019 )

Abstract

The shock ignition scheme has the advantages of low ignition energy threshold, high gain, and good
hydrodynamic stability, which has become one of the key schemes for the potentially successful ignition of
inertial confinement fusion. The crucial element of shock ignition is how to achieve a highly efficient shock laser
pulse. We propose a new scheme based on a time-lens system combining the fiber-loop phase modulation and
the grating-pair compression to generate a highly controllable shock pulse. Based on the asymmetric phase
modulation in time-domain followed by linear dispersion compensation in frequency domain, the shock pulse can
be actively controlled with high precision in both pulse duration and pulse contrast (peak power ratio of the
compression part to the shock part of the pulse). We construct a theoretical model based on the nonlinear
Schrodinger equation to simulate the evolution of the spectrum and temporal shape of the shock laser pulse.
The influences of various key parameters of the proposed system on the characteristics of the generated shock
pulse are analyzed in depth.

The time lens system consists of three parts, i.e. the seed pulse carving part, the phase modulation loop,
and the chirp-compensating grating pair. The operation principle of this system for generating shock pulse is as
follows. First, a single-mode continuous wave 1053 nm distributed feedback seed laser is chopped into pulses
with a Mach-Zehnder intensity modulator. Then the pulses enter into a fiber-loop for phase modulation. Owing
to different modulation frequencies exerted on the left and right side of the pulse, the amount of spectral
broadening of these two sides of the spectrum are also different after phase modulation. The spectrally
broadened pulses are linearly chirped when the phase-modulation function has a parabolic shape. Finally, the
pulse transits through a grating pair system for chirp compensating. Just like an anomalous dispersion delay
line, the grating pair applies an anomalous group velocity dispersion to the passing optical pulse. When the
chirp is compensated for appropriately, the pulse will be compressed. What the target pulse can be finally
shaped into is dependent on the combined optimization of all the above processes.

The simulation results show that by systematically designing the parameters such as chopping function,
phase modulation function, modulation depth, modulation frequency, and chirp compensating, the target shock
pulse can be actively controlled with high-precision in the pulse width, pulse rising edge, and peak-power
contrast. In addition, we can also tune only one parameter (such as the pulse width) of the pulse, with the other
parameters kept unchanged. This new design idea and the proposed system can actively and independently
adjust the two key parameters (the peak power contrast and the pulse width) of the generated shock pulse,
which is not only helpful in deepening our understanding of the principle of laser-pulse shaping, but also
significant for the subsequent practical implement of shock ignition of inertial confinement fusion.

Keywords: shock ignition, shock pulse, time-lens, electro-optic modulation
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