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Fig. 1. (a) Schematic of the optical path; (b) schematic of calculation.
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Fig. 2. Schematic diagram of the single-shot autocorrelation principle and analytical model.

174204-3


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

¥ 1B ¥ Acta Phys. Sin.

Vol. 71, No. 17 (2022)

174204

FCrp ko g R P2 B 1E 2R M (RIBER AN [ 2 B Y
Jik kRN, A AR O R ECE 5 S F B 5
fY AR
BAEASALUIRDRE 1 RSO 4 6 37734 P A4
R 7 - I A P 4 73 ) AR 2 (1) 4 T ) 2
AR AR — 23 [ J I — I 2 'k PN
W Tie e — 5 FARE CREAERG 5 —HE e FE MR AE R ) Jm
L& (EERPHOL—E S A A S e f ik
AEE), A REL I 5 e XX I B0 A ST AR AT R AR 3%
R 220 77 A B A 5 5 R, R IR 1] £ JRE AR 3
(PR 2 s Z 1 B3 ) D a] 4 2Bl o AR P F
MRS (Sl I P H] CCD SREERYF SHIXINL).
TE P A AR R, X6 25 (B AT e e A ml LA
W R e I 7 T i A AR A R A B A ke
b J5 A ARR R T () — 2 S L R AR AR S AR R, R

a' - dx cosf sinf x-dw
= . . (12)
y' - dy —sinf cosf y - dy

HTde=dy, fi

(xl'div) ( cosf  sinf > (ﬂdeU)
= . ) (13)
y - dz —sinf cos@ y - dz
o 0 T B HER% FBE; =, y AR T AL ARE (T
B, IAREPRKE); o v ek IS AR E. TR
FRAT AL o AT A Y Tl 37 R B P el 57 AN ). 24
VRt B AN A R, TR B 7 (R — 2 LBIOC R
VPRI AN A kdy = da B, EFEAEREAR Ry

!
v de cosf  siné v-dv (14)
y/.dj ~\ —sinf cosh ydj ’
k
H
x! 1. x
( ) _ cos sin ( > (15)
Yy’ —ksinf cosd Y

P, P AN R, G (15) 2CEI AT 52 e
Fettt.

24555 I TAT A AR 2 R 5 W2 A AR A LA
RH G K 8 0 38 53 B AL T LA A 3 I 3K ik 5 A
WL ELSK SE R 2 5, i Al LA A%k HER A H i
HRLAIPEAG /AT kA 2 B SR AR 2 AR L
5 SEBRE 2 F] 25 5.

24 HESH
AR SRR AT FH S 8can 36 1 gl

e

1 A

Table 1. Parameters for calculation.
FIEd e RAiESH
A4 /m 0.12 x 0.12
HLJE K /nm 800
H AR JEHENE ] /nm + 80
P i A B B 6
AT R e T 4341 YRR 6
T /m 0.2 x 0.2
o K9
i1 BRI 242 ®
JEERTH T F2E 42 /m 1.1789
UGB /m 0.03
R /m 0.4 x 0.4
R K9
B2 HTER AT R4 /m 3.5367
Jr BRI R A ®
UL LB /m 0.05
R Rof /m 0.5 x 0.5
FEHE /m 1

3 B AR T K A X
REEA %G EF NG

3.1 PREFHASIANNE=HEIHE

AR A0 0S8 B, 7]
LA SRS 563 KB O
I R GEAUR P (0 2 (L 3, =2k
P A L B R AR, 3(d1)
FIVE 3(d2) RRMOBZER SRR RIEGAL (5 BB B
A1 82%) FAKBDHIESA0 AT T T i1
(e SE B AR A LA i, AR FUFP
T HERT RN IR I03E . 5025 431,
A 2426 PR AR e A
TR RIS (B2 LR L A 9
HMEEERPIRE).

NP 3(a) ST BLFE S, (6953 A0 T, 1524
1612 FECE S A RE) S K, ST L
KR 5 W94) 1R T 6.1
B BIAL G MR T 220 K 186.3 (5K T
24 30 4% ); X AR BE AR 43 A 1.4 A1 7.7 pm
NP 3(0) VL LRI AR 5380, OGRSt —
AR D B BAR P T O A 2

174204-4


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. 71, No. 17 (2022) 174204

1.0 1.0
20 0.9 0.9
15 0.8 0.8 »
pe pe
10 0.7 g 0.7 &
5 0.6 = 0.6 <
g L g v E
< 0 0.5 -g g 0.5 3
-5 04 = 0.4 =
] o]
—10 0.3 £ 0.3 E
o o
—15 02 % 0.2 4
—20 0.1 0.1
—25
—20 —10 O 10 20
z/pm
100 100
(b1) r="7.7 pm (b2) r=1.4 nm
80 |
X X
~ >~ 60
] ]
oA oA
& & 40
@ @
20 |
, , 0 , ,
10 15 20 0 2 4 6
HEEAR /pm
—150 —150 45
2.2
4.
—100 2.0 ¢ —100 0y
1.8 S 35 S
~ ~
—50 1.6 »x —50 3.0 2
1.4 3 =
=1 =}
£ 12 £ £ 25 8
- 1.0 = = 20 £
2 g
50 0.8 3 50 1.5 3
0.6 2 1.0 3
100 0.4 /& 100 ~
0.9 0.5
150 150
—400 —200 0 200 400
z/mm
3.0
—200 —200
2.0 o o
—100 P —100 25 %
— —
~ ~
0 15 2 0 20 Z
2 2
£ 100 ¢ £ 100 15 2
Lo = £
200 2 200
= 10
K 8
Q Q
300 0.5 2 300 05 &
400 400
0
—400 —200 0 200 400 —20 —10 O 10 20
z/mm z/pm

K3 PIRBRASIAWNSEERAZ  (al) BIBBFHGEMIZFOCHE; (a2) BRI T RIZFCHE; (bl) %8BT A2
I C 37 BF Bl B Ak 1 285 (b2) BRARTE 00 F I 37 30 Fel R 4k th £ BRAEAF 00 T 3L 3% (c1) K37 (c2) BOLI I 25 4304 s otk b £0d i 4
HLITAAE I  ThoL AT BBOME S IR Y (d1) KIE Y (d2) 28 84w AR

Fig. 3. Spatiotemporal coupling distortion introduced by lens-pair: The far-field distribution with chromatic aberration of the lens-
pair (al) & without chromatic aberration (a2); circled energy graph of the far-field with chromatic aberration of the lens-pair (bl) &
without chromatic aberration (b2); the spatio-temporal distribution of the laser pulse in the near-field (c1) and far-field (c¢2) without
chromatic aberration; The spatio-temporal coupling distortion in the near-field (d1) and far-field (d2) in case of the laser pulse

passing through the lens-pair with dispersion compensation according to the near-field centroid.
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Fig. 4. Variation of far-field pulse width, focal spot area and far-field power density with beam aperture and bandwidth (blue line:
with chromatic aberration; red line: without chromatic aberration): (al) The variation of far-field pulse with beam aperture; (a2) the
variation of focal spot area with beam aperture; (a3) the variation of far-field power density with beam aperture; (bl) the variation
of far-field pulse width with bandwidth; (b2) the variation of focal spot area with bandwidth; (b3) the variation of far-field power

density with bandwidth.
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Fig. 5. Analysis and comparison between the results from single-autocorrelation method and the actual far-field pulse shape: Funda-

mental frequency signal (al), second harmonic signal (a2) and signal of an auto-correlator (a3) in case of the pulse passing through

the lens-pair with chromatic aberration; fundamental frequency signal (bl), second harmonic signal (b2) and signal of an auto-cor-

relator (b-3) in case of ideal condition without chromatic aberration; (c1) actual temporal shape of the pulse at the far field with

chromatic aberration of lens-pair; (c2) actual temporal shape of the pulse at the far field without chromatic aberration of lens-pair.
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Abstract

In a large-scale ultra-fast and ultra-intensity laser system, with the increase of spectral bandwidth and
beam aperture, the spatiotemporal coupling distortion will become more and more significant. This effect will
not only degrade the beam quality and reduce the focusing intensity of the laser, but also invalidate the
conventional evaluation method for laser far-field parameters. A pair of beam-expanding lenses, which may
bring spatiotemporal coupling distortion to an ultrashort laser pulse, is taken as an example. And the influence
of spatiotemporal coupling distortion on laser parameter measurement is analyzed in detail. It shows that in an
ultrashort pulse laser system, an ordinary beam-expanding lens-pair can reduce the far-field peak intensity
dramatically, and the actual pulse duration in the far field is more than 10 times longer than that measured at
the near field by a single-shot autocorrelator. In this case, the focusing intensity estimated by using the
measured value of near-field pulse width will be one order of magnitude bigger than the real value. It is
expected that the results will be helpful in the optimal design of a laser system, the accurate characterization of

an ultrafast laser pulse and relevant physical experiments.

Keywords: ultrafast laser, spatiotemporal coupling aberration, single-shot autocorrelation
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