Chinese Physical Society
IR Acta Physica Sinica

. Institute of Physics, CAS

PHERYCMRT E 4828 TP 2L 25 2 Xt BOR S Mn BAME TS R

R ETH X £54E& Al Ad T FTEHK EREK A%

Effect of grating groove density error on the output pulses of the tiled grating compressor and corre-
sponding compensation scheme

Zhao Dan Wang Xiao Mu Jie Zuo Yan-Lei Zhou Song Zhou Kai-Nan Zeng Xiao-Ming Li Zhi-Lin
Su Jing-Qin Zhu Qi-Hua

5| F{% K Citation: Acta Physica Sinica, 66, 024201 (2017) DOI: 10.7498/aps.66.024201
7 2% )13 View online:  http://dx.doi.org/10.7498/aps.66.024201
214 7% View table of contents: http://wulixb.iphy.ac.cn/CN/Y2017/V66/12

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

G RGBT — B B 6 IR BE 3 A IR T 7T

The research on the illumination distribution law of the first-order scattered light in the focal plane of
transmission optical system

YE = 4.2017, 66(4): 044201 http://dx.doi.org/10.7498/aps.66.044201

BB KT 2614 B 59 EU R B ptychography iterative engine il
Ptychographic iterative engine with partially coherent illumination for weakly scattering samples
Y% 4.2016, 65(18): 184202  http://dx.doi.org/10.7498/aps.65.184202

FEPRBE G RIURE ) Jr) 458 3% T 55 125 PO C IR B RS 28b
Localized surface plasmon resonance and the size effects of magneto-optic rods
PP 2E4%.2016, 65(11): 114202  http://dx.doi.org/10.7498/aps.65.114202

AEAAT- 8 B 2544 T 19 ptychographic iterative engine lif% £ AR
Ptychographic iterative engine with the incoherent illumination
PP 22H%.2015, 64(24): 244201 http://dx.doi.org/10.7498/aps.64.244201

e G HRAE R = A B B2 R
Transportation of Gaussian light beam in two-layer clouds by Monte Carlo simulation
YE = 4.2015, 64(18): 184204  http://dx.doi.org/10.7498/aps.64.184204


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml
http://dx.doi.org/10.7498/aps.66.024201
http://dx.doi.org/10.7498/aps.66.024201
http://wulixb.iphy.ac.cn/CN/Y2017/V66/I2
http://wulixb.iphy.ac.cn/CN/abstract/abstract69417.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract69417.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract69417.shtml
http://dx.doi.org/10.7498/aps.66.044201
http://wulixb.iphy.ac.cn/CN/abstract/abstract68482.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract68482.shtml
http://dx.doi.org/10.7498/aps.65.184202
http://wulixb.iphy.ac.cn/CN/abstract/abstract67473.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract67473.shtml
http://dx.doi.org/10.7498/aps.65.114202
http://wulixb.iphy.ac.cn/CN/abstract/abstract66169.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract66169.shtml
http://dx.doi.org/10.7498/aps.64.244201
http://wulixb.iphy.ac.cn/CN/abstract/abstract65383.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract65383.shtml
http://dx.doi.org/10.7498/aps.64.184204

32 % R Acta Phys. Sin. Vol. 66, No. 2 (2017) 024201

HHERY ST E 45 28 h 212k 35 1 2= o4 Bk Y
M REiMEF R

RAD) EHN FAVY £EED AMD ANED gAY
FHM RHHD KBED)

1) (h [ T RE AR T B oL RS 0, S TR SR, 4RFH 621900)
2) (P E TR LA B AU AERE, AR 100088)
3) (LA IFSA HhRIGIH -, L 200240)

(2016 4 8 H 26 HYZE; 2016 4 10 A 25 HURFIME S )

PHERDEMS B4 &% b7 CH 20 205 LA — B PRI 48 4% 0 0 5, o 2 2 P52 22 (R 52 x4 i
B HH kR VR RE A > LR L. B TOREIB I M A S T BRI, BUE T T R R TR A
FK0 L 55 ' A FEE A% L i K sk R SRR L. i R S PR AT A i % 22 R 1 i o 1R 2SR e Ml 2 2 3 P 225
We B4 77 5%, 4 HE AN IR 20024 8 52 2 I 1) BRI M i e A ANRE 7 01 R R 28 DA A %07 SR A MV L. R 25 1%
T IMETTE, Wk 71207 AE — €V A PR IE H A OG I f B e, B kb2 = =B o 22, HSels

HEREIRBONT & AT IE AP R 4 & 10 sk 5 IR B SR R =

KRR PRI, YOI L L2, SOHIbxT R4 4%, WKk O

PACS: 42.15.Dp, 42.25.Fx, 42.65.Re

1 58 =

| WA Bk ik 40K (chirped pulse amplification,
CPA) BE- 42 H LUK, 88 K 8 o ik i SO B 45 21
TR R, NAR Z IR R S i ST R A T
BRI T RIS 75 CPA R4, E4ias 2k
OB 4 190, AE KRR K kO R G A
P )32 B A P AT 6 M T 4 2% (1) g 1 45 2 ok
A R 1A AR A 8 A1 A2 e L HH e 0 1 2 R,
I M4 4 AR SR AT R M 142 R i 4k i)
MR EE R —. SO PR 0 72 & Fi
PHER Z R B ), Zhang 5 0 35 H Pf el
HRTBE LI LR R ZE Y, AR TR E A, 3
R [7—9) 73 B 1 DM 20 26 AN 1 AT RO M 4 42 et

DOI: 10.7498/aps.66.024201

JOHR A AR PRS2, 58T HHEOEMR Z A2,
Kessler % U014 tH 7 BE S 158 22 AME AR &, RIUAR 4
SEP A 1R ZE 00 6 AR R A AR ALLE e 5 iR B
— PR SRR 51— AR ZE R L ) 2
72T KT A i iR 22 (O M 8 B2 i 2 ) SR #b
o, ELIE R 2 05 2 R BERS IR Z 2 B 22 S5 1
SHCAM RS, X T H SR M B R A B RE A
PR, B ToukAb g, Rk, ASCHEHT B 5 R 2 fi
b, VR AT T RO GHE b T M R A AR 2 2
ZEINS [ 28 25 o Bkt AR, BB T T 2 T
ZE G H S A M EEA S B U BOR 22, $2H T
(7] IS FH P i 0 22 RN R0 B A2 0k 22 OB el
IRETT I BIAT G FA% ) SRAMaE el 2 2 T 22 1 T
X, IR TR R ZAME T AT T
IR I

* EFRERREES (S 61308040, 61505188) A1EF M ARG & BRI GHHES: 2015AA8043047) % Wf1IRA.

T #E/E#H. E-mail: wangxiaocn@caep.cn

© 2017 FEYIEF S Chinese Physical Society

http: //wulizb.iphy.ac.cn

024201-1


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.66.024201
http://wulixb.iphy.ac.cn

Y18 Z R  Acta Phys. Sin.

Vol. 66, No. 2 (2017) 024201

2 BRERSRELHT

2.1 FHESCHXT % S 25 B 2= %o i L Bk O
HISZIm

P4 B BURE S A7 6 ik X e 4 2% 1) 25+ G
B 1R, oM Gy 1 Gro, Gor F Gao P9 P HF 45,
5510 S 56 85 M — 2 ) JBRURE P A7 Sl oot e 4 5,
HA G 5 Gar, Gio 5 Gag 47 9 4H 5l 2H -+ 6 it
X AR Gi1, Gio, Goy IR N p (e
JAIN ), JaMt Goo B ZI 2% FE N o Ot E A
d), p#p, “ENEMHALEEZNp=p—p.
LA R4 g, S Gar, Gor ZIEIRDGES
A RABAL, TR Gia, Goo Z I HITAFAEZ]
L2 IR C BB 0] A S 2 W A E o,
F Ja HC AR a1 2 Fros.

G

Y Y

A A
Yesaececcas
£

Gaz2

Bl DHERIUEE G H 4 e 45 1 7m
Fig. 1. Schematic of double-pass tiled-grating pair
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Fig. 2. (color online) Ray-tracing of a grating pair

with grating groove density error.

FEMEAF Gro, Goo HITEELIAEE A 1, YE3 s Oy
KRN, SR Gio BRIy, ASHEE
SR AN 6, MATH ANy — 6. BCH
BC" 53 J N Gao T 2 B P 72 A 2 225 i 22 1)
AT 64k, BC 5 BC (MBI AR 8, YLl o5t

BiM G A, FEME Goo ERIRTEN N e, B

3 = arcsin [A —sin(y — 9)] )

d/
€ = arcsin [;\, —sin(y — ,6’)} , (2)
e A
o = 7y — arcsin <2 - sins) . (3)

Goo Jo 2 42 %5 5 Z2 I, O 46 XUAE 3@ i ' i ot
Gia, Goa B EHE P = 2(OB + BO), Gao B %4k
BREENE, 6fE P’ = OB+ BC' + C'D + DE.

FIH U R R
l
OB = cos(y —6)’ “)
lcos®
BC = cos(y—6)’ (5)
o — lcosf (6)

cos(y — 6) cos B’
C'D = BC'(cos B —sin 3 - tanvy)

X [cos B —sin B -tan(y — B)], (7)
DE =0OB - [005(5—7+9)

+sin(e — v +6) - tane], (8)
BN =1-tan(y —6), 9)
. l cos @
P i s
+ C(())SZ (cos B —sin 3 - tan~y)
X [cos f —sin 3 - tan (y — B)]
+cos(e—y+0)
+sin(s—v+9)~tan€}. (10)
SRR
d(w) = %P’ + R(w), (11)

A w WBEAR, ¢ NHIEE, R(w) MHHINARLL 12,
=27 - tan(y — )

R(w) =2 x = . (12
MR, &0 R SR, = T gy,

Hrj=1,2,3,4,- - 5% N —Frs ZBrs =Fr 04
UIMEN:) CERRRE HT T el 2 2 5 22 o A RN
BRAZ, JOHINS 2 B G ot e M R AR AR AR, AT
SINGEORZE, R 212 % B2 M2 4% T 22 16
=M.

024201-2


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

) I % R Acta Phys. Sin.

Vol. 66, No. 2 (2017) 024201

BH LA |20 B R DL B B0 200 4 4 R 22 51 R )
B A, AT 23 A O B S Rk e B s e BROfE
THEREARSHINZR LR, FNJ6 R & 8 56 1k
SRR f BB AT R, el Gy,
Gia, Gor ZRNZE LR p, Jol Goo IR Z 5 2N
o, FILEEZE Ap = p— p' (ApTIEF ). il
Z 25 P 22 3 EUH SHOL RS 1 A8 BE oo 3 37 6 5
MR S UL = =Freaduz 2z (90l Eqvp,
Erop ) FIAS [R) 200 45 25 5 2 f 10 i H ik v B (1]
BN 3 fos.

800 T T T 800
(a) T
—_—
a0f 5 1400
g
< =}
=1 E
T of 0o
—400 - 1 —400
—800 1 L L —800
—0.1 0 0.1
Ap/lp-mm~1!
2 (b)' 6
—*— Egvp
L —=— Erop 14
~ {2 =,
12} “
5 z
= of o 2
: 8
3 -2 8
—4
_9 . . . 6
—0.1 0 0.1
Ap/lprmm~1!
1.0 T T T T
(c) — Input
0.8F Tin = 500 fs W 7Ap20‘001_
a — Ap=0.01
g
2 061
=
RS - 7="786.32 fs
Z 04
g
S
0.2
0 T . T 7 T
—10 -5 0 5 10
Time/ps

3 (ML) (a) HHGME MEE o FOGHE R B
2 S B L ZEIARAL; (b) = =B B BlR 22 B2 2%
WREZEIAAL; (o) BN K BIE B Ap 435 8 0.001 Al
0.01 lp/mum B F% HA Rk B 18]35 7%

Fig. 3. (color online) (a) « and S as a function of Ap,
respectively; (b) Eqvp, Etop as a function of Ap, re-
spectively; (c¢) input and output pulse temporal shapes

when Ap is 0.001 and 0.01 lp/mm, respectively.
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Fig. 4. (color online) Schematic of the grating tilt.
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Abstract

The grating groove density error (GGDE) will degrade the performance of the tiled-grating compressor, and the
compensation for GGDE is of significance for improving the characteristics of the output pulses. With the ray-tracing
method, analytical expressions considering GGDE are derived to predict the output beam drift and the output pulse
broadening. According to the numerical results, we propose a compensation method to reduce the degradation of the
tiled-grating compressor by applying angular tilt error and longitudinal piston error simultaneously. The tilt angle
and the translation distance of the grating, as well as the allowable tolerance range of GGDE are obtained with this
compensation method. By using the equiphase lines in the spatial-spectral interference patterns, the experimental results
demonstrate that this compensation method can correct the angular drift of the output beams effectively, and compensate
for the second-order and the third-order dispersion error well. Our investigation provides an efficient way to guide the

adjustment of the tiled grating with GGDE.

Keywords: tiled grating, grating groove density error, grating-pair compressor, chirped pulse amplifica-
tion
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