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trums of different center wavelength; the amplified spectrums by Gaussian SECS (b) and real SECS (c).
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KAECIEIL IR/, 3k i — 2 MBI T X i Ak
HUO R I EER.

HWK, 4300 TSR SECS F, Fa s ok
et ah S AR RS OCR. AR E
B (FEXF 1.2 mJ, 4+ 10%) S aeE Rl shag ¢
FWE 6 Fow, HABZSE S5 E 4(c) HIF. A 6 7T
DIEH: Y ARREESIE + 10% 22 1Lr, i
Blahte £ 6% LA, i Bt SECS 4Hras Sffae
PEOETS20R SECS 160, X 8 & THE g1 st
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Fig. 6. The simulation relationship between input and out-

put energy jitter by different SECSs.
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N31 rob amplifier N31 disk amplifier
(940, 70 mm) (9100, $200,
’ $320 mm)

&
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focus

i

OPCPA Stretcher Oscillator
5 ns/10 nm 3.2 ns/6.5 nm 230 fs/6.5 nm
B 7 i T FCHOL R GE SEM O 1% il oRos &
Fig. 7. Block diagram of SG II PW laser amplification
chain.
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7 05
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0 4 1
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—- - MHSECS \
- - SR, |
=
b
=
T o5t
o
0 futiabureaty /‘.. L
1045 1050 1055 1060
Pk /nm
Bl 8 10 nm(FWHM), 5 B /= W6 i i A, fi i 1866 J

BRF, TR A i Y S AR TR 4 BG4 R
e (a) i AOGE S50 Bl & Kol #ETk (b) AR K () 1

B XTI

Fig. 8. The compared results between experiment and simu-

lation results after bar and disk amplifiers: (a) The com-

pared input spectrums of experiment and simulation; the

compared spectrum results after rob amplifier (b) and disk

amplifier (c).

GEOR B2 BRUN/NT 2, HARIRE T 2 kJ fa i
REHEANE AN AR DA RERE | I A e
Ao P U BE MR A S o1 R A A MR P e,
X HETHBOEA N 3% (RMS) BIERE MR, B
i R R A E PR T AR HITE 2% (RMS) LAA.

4 SEBHR

1 RIS A A L RO 1T E REFA
FLYEHI OE R G T SEB o TAE, TaMis i
FAERIR R AR 7 frs. S Al Fs i
HEAGERE A 1.2 mJ, iERR E 8(a) Fiw,
Sy 5 B s A, Ho i S I e A R R
LROMPNE L. IR R, XA A e
AR T T, 05k T 4 RIKKBERSL
AR, IF S5 WU e R T T e, BRI G
2018, Ak 2 AT LLE 1) X ok e
JE, FE3 25 28 AR RN A AL RS2 T, 3 5 A
10 nm 4L E 3.1 nm i, X 5% H52Pr SECS
FI TS ARAT (36 1); 2) X Ttk rpuo i i, 52
g kJ 9 R O K AE 1054 nm (iR, 5
SEBR SECS 44 5 (F 4(c)) —3, 3 251 A
BN R AR IR &5 3) R VK R4 BE 2
Z RN 1.8%, AT AR &= 3%(RMS) B £
ki, SHIEHIA 2% (RMS) IH—EK.

HE— A, R T 1866 J AR T, BRHRIF L
i O REI R, 518 4(a) R 4(c) RIS ST
XTH, 455 BN 8(b) A1 8(c) fras. M 8(b)
FE 8(c) FTLAE i, R SR SECS 13 1e 7 By
LB AT 5 B, SEbs SECS AJ DL A i
By 153 BT B A0S SO ORI R TR
Hr SECS 7 HI Wrf 1 61 58 F o K L1 88 5%
[ R SRR 22 57

2 FIFROG I SRR S Ot R G5 B
S ASAE.
Table 2. The experiment results of amplified
broadband laser by using SG II PW laser amplifica-
tion chain.
28 Rl kK2 RIR3 KR4
Sebrfar i/ 1482 1642 1711 1866
S S /nm 3.1 3.2 3.0 3.0
Hul K /nm 1054 1054  1054.1  1054.2
ifhife/J 1500 1650 1700 1900
W2z /% 1.2 0.5 0.6 1.8
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M T 50 BE B FDHA FL IO 2R B8 v ST O B IOKR
FEPE. FIFHSOG I SR AR L0 R G, £
1 25 ORI i R S BRI R e A, BRI AT
TG SECS X T S iR i f i Foke
R PERERR I, B S EnE LT Y SECS Xt
Eb, SEbr SECS 435 18 25 28 AL 800 | R S i
RE 1 | U5 3 S M AN RN L K R G R BEUY,
B[R] i (A5 O 2R 48 X i A G R D IR
U FEFRIS T SRR B R AR 10 nm
(FWHM) i & B IE R | 1054 nm o0 KL 3%
(RMS) RefafesE tE SRR+, S5 T 1900 J.
HUL K 1054.2 nm., 3% 58 3 nm AU, K KRE R
R tE < 2%, SEIRAIr R —80 AT
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Abstract

In order to accurately analyze the broadband pulsed amplification performances of the domestic picosecond
petawatt laser system, which uses large aperture N3; or Ny neodymium glass as gain medium, the broadband
pulsed amplification model is improved by introducing the actual stimulated emission cross section (SECS) of
neodymium glass. Comparing with the SECS under Gaussian approximation, the amplified pulsed spectrum
gain narrowing effect with different SECSs are analyzed. It is found that in the actual SECS of N3; neodymium
glass laser, the gain-narrowing effect is enhanced, the output energy decreases, gain’s saturation effect weakens,
system’s accumulated B integral augments, but the laser system turns insensitive to the center wavelength
simultaneously. Based on the Shenguang II high energy picosecond petawatt laser system which uses Ng;
neodymium glass, the spectral shape, center wavelength, and energy stability of amplified output pulse are
simulated by using different SECSs. It is shown that the super-Gaussian spectral shape narrows more greatly
than Gaussian spectral shape, the spectrum bandwidth narrows from 10 to about 3 nm with gain larger than
107, and the accumulated B integral increases to 1.7. Additionally, the gain-narrowing effect makes the output
spectrum (with 1054 nm of center wavelength) less affected by changing the inputted center wavelength from
1052 to 1056 nm, and the gain saturation effect can improve output energy stability to less than 2% (root mean
square (RMS)) with about 3% (RMS) inputted energy stability, which are beneficial to the subsequent pulse
compression and physical experiment. Based on the above analysis, a broadband pulsed amplified experiment is
conducted by using Shenguang II petawatt laser system, the injected seed is about 10 nm (full width at half
maximum (FWHM)) with 5 order super Gaussian shape at 1054-nm center wavelength, and 1.2 mJ with 3%
(RMS) energy stability from optical parametric chirped pulse amplification. The amplified pulse with 1900 J at
1054.2 nm (3 nm FWHM) and stability < 2% (shot to shot) is achieved, and the spectral shapes and
bandwidths after bar and disk amplifiers are measured, which are consistent with theoretical analysis results.
The results can provide a necessary reference for constructing high energy broadband laser system and

improving its performances in the future.

Keywords: high energy broadband laser, picosecond petawatt laser system, neodymium glass, stimulated

emission cross section, gain narrowing

PACS: 42.40.My, 42.25.Lc, 42.15.Eq, 42.55.—f DOI: 10.7498/aps.70.20201830
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