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Abstract: Dispersion scan (D-scan) is an ultrashort laser pulse characterization technique based on disper-
sion modulation and nonlinear spectral response, and, owing to its extremely simple optical configuration and
high sensitivity to broadband spectra and phase evolution, it has developed into an important tool in the field
of ultrashort pulse characterization. Focusing on the ability of D-scan to meet the demands of real-time opera-
tion and robustness, as well as its extension toward extreme parameters such as single-cycle pulses and the
deep-ultraviolet region, this paper systematically reviews the key progress of D-scan technology in terms of
retrieval algorithm optimization and experimental scheme expansion. First, the evolution of D-scan retrieval
algorithms is summarized. This progression traces the shift from early Nelder—-Mead and differential evolu-
tion algorithms to the current standard generalized pulse retrieval algorithm, and ultimately to deep-learning-
based techniques that enable millisecond-level, real-time reconstruction. Particular emphasis is placed on the
improvements in computational speed, algorithmic robustness, and noise immunity achieved across these di-
verse approaches. Regarding experimental techniques, the paper examines second-harmonic-generation
(SHG) D-scans based on second-order nonlinearities. It details the technological transition from convention-
al scanning methods to real-time, single-shot measurements, and highlights recent progress in applying SHG
D-scans to vectorial optical field characterization. Subsequently, to circumvent the physical limitations of
second-order nonlinearities—specifically concerning multi-octave spectral overlap and phase matching in the
DUV region—this review further explores D-scan techniques leveraging third-order nonlinear effects and
their derivatives. It elucidates how these methodologies push the application boundaries of D-scan toward the
single-cycle limit and into the DUV regime. Finally, current challenges confronting D-scan technology are
outlined, including its reliance on external components and its extension to longer wavelengths and longer
pulse durations. The paper concludes with an outlook on the future trajectory of D-scan technology within

strong-field physics and attosecond science.
Key words: dispersion scan; ultra-short pulse characterization; phase retrieval; nonlinear optics
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Fig. 3 (A) Regression network architecture: four CNN layers followed by three fully connected layers. The input to this net-

work is a sum frequency interference pattern, which is passed through the computational layers, until a final output is

produced in the form of a vector of the real and imaginary parts of the temporal electric field. (B) Block diagram of

sum frequency interference measurement and of the label generation from an input spectral pulse. The input of the sim-

ulation is passed on to the regression network. (C) Supervised training of the regression network. Each interference pat-

tern is passed through the network to create a reconstruction. The error between a reconstructed pulse and its ground

truth pulse shape is used in back propagation and gradient descent to train the network and improve the network para-
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Fig.4 Experimental setup. The laser is a Femtolasers

Rainbow CEP (80 MHz repetition rate, energy per
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Fig. 5 Optical setup, comprising the scanning d-scan setup (top) and the new single-shot d-scan implementation (bottom)?*!
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Fig. 6 Schematic of the experimental setup: (a) single-shot d-scan of 170 fs pulses; (b) single-shot d-scan of 50-80 fs pulses

after the multi-pass cell’*”
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Fig. 7 (a) Schematic diagram of the polarization d-scan setup. ‘M’ denotes Metallic Mirror, ‘FM’ for Flip Mirror, ‘LP’ for

Linear Polarizer, and ‘C’ for Light Collector. (b) The shaded blue and red areas represent the simulated and measured

envelopes of the polarization gate, respectively. The blue and red lines represent the degree of ellipticity for the simu-

lated and measured polarization gate, respectively. (c) The colored line depicts the electric field endpoint’s evolution

over time, with the color indicating the polarization state’s degree of ellipticity. The lines on the bottom and in the

background represent the electric field’s horizontal and vertical projections, respectively™!
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Fig. 9 Experimental setup of XPW d-scan. SM, spherical
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Fig. 10 Schematic of the experimental setup for generation of sub- 10 fs UV pulses via sum frequency mixing of 800 nm

pulses and their corresponding second harmonic and the XPW d-scan pulse characterization device. BS, beam splitter;
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SD D-scan Mt 4¢ A% 9 28 JLAT S5 #4148 ok 2 ik
o E B EE AL T T RE . Canhota 6 A T
Dual SD D-scan £ A, H T 7€ 7] — L L AH BAE
FH DX 3k A ] Bsf ZRAE A AN ] B e ik o %077
Bt X as Al AR 5] AN G (Ful K 400 nm), 38
1 28 (AT E O A rh AR B A X, fif KA —
P 30 pm JE ARl S 7 T R AR AETRTIT AT SY
CRE A 12 R ) o FE TS T B R bk b+ [R] 7
AT, 0 H A —A> SD 155 19 D-scan i &,
AT 7] Ao B2 i H P BBk o 9 S A R (il ol
8.5 fs Fll 12.5 fs), SLHRAERANE 13 PR ZTAE
HUCUEW] T D-scan £ AR P & 2= IR f JF DU IR

W37 5, R 2R T PRSI 5 v OBk A A L[]
W TSH RO T —Fh S5 M R s Bz aE
i DT %6 o B b, Geib 458 PS4 H 13 45
1 COPRA MUGEHF SHG. THG 45 #1 D-scan,
W IE U e A A A 241 SD D-scan il [, iy
H iz A TR S

i, Codere Z8 A% SD D-scan 3% A #fE 4]
T DUV BB BRI o A48 6 25 B e e
G, 5 7 G 1 #5% (Acousto-Optic Modulator, AOM)
ik v #E I, £ 256 nm PG P T R AE T ~20 fs
(%) DUV fik#f, 3 FIH SD D-scan Fl SD-FROG
PR T T A RE . X TAEAUE/R T SD



14 RED2E (RgEs) % x &

D-scan 75 58 A Be AR L3y, ib il AOM PGS 295 $2 Bt 1 58 B iy Jikow ™ AR 5 3R AE
SCBL TN K sh G ORISR TSR

beam profile

& Input beam ,___________________S_]_)_C}'_Sffl_l___ R
. I

& E from amplifier ! Chirped (—50 fs2 @ 400 nm) |

=9 : i i

O==- 2 I m\l)\rg;lr;es Al focusing !

@ Y l" mirror |

,Z__ - ", G i ‘.. ', I

o il # L}

%_ .‘f IMask . ﬂ_\_;_,.'}'—% |II !

. - B =" =» Fused |

g @ { silica slide, 30 pm !

@ | I

£ - > .. |

= | Al off-axis !

= Transverse MPC i parabolic mirror !

1 I

I

I

i

I

I

Fiber to spectrometer

y W,
200 um pichroic mirror
12 S£5PBKIRFELT S Dual SD D-scan 94 B!

Fig. 12 Experimental setup for UV MPC pulse compression and dual SD d-scan (see text for more details)™*”

(a) Measured
2 B

=) B

EE 0

S 2}

3

g

E

&)

350 360 370 380 390 400 410 420 430 440 450

Wavelength/nm
(b) 8 (© 1.0 T 5
1 0
Fl RN | 5 g
< 4 5 <06 f 10 8
=y z 2 f ll\\_l' | 8
z 2 5 Zo4 | I 158
2 a 2 | \ {20 =
= 0 =02 '
' /’ 1-25
. -2 0 = L -30
350 400 450 350 400 450
Wavelength/nm Wavelength/nm

— Spectrum £, — Spectrum £, — Phase —Std. dev.

—~
o,
=

1.0 T v = (©) 1.0 F

~osh Zanl |ssoas ~os| CheZ f2seTss ]
g FWHM 3 FWHM
Sosf 1 oo} 1 ]
g 04 1 204t I:I ]
=02} 1 =02t 1 ]
0 = b 0 -_n'ﬁu;_-"ﬂﬂtu'.l'.:l"._.u";'nf\.ﬂ
~200 —100 0 100 200 —200 —100 0 100 200
Time/fs Time/fs

E 13 {5 ENLI £ Dual SD D-scan 4554347 (a) M & 51K & 1Y D-scan HLilk; (b). (c) lk#k E1 A1 B2 B9 &6 1% KAk &2
TR L COR iR 220 A 20 YOHSTARAZ ) (d). () WAL ANk ok E1 A E2 RS IZR SO A TL 2

Fig. 13 Dual SD d-scan analysis of signal ENL1. (a) Measured and retrieved d-scan traces. (b), (¢) Measured spectra of pulses

E1 and E2 and retrieved spectral phases (standard deviations obtained from 20 independent retrievals). (d), (¢) Re-

trieved temporal intensity profiles of pulses E1 and E2 and corresponding transform-limited (TL) pulses™*”



3 x ¥

AL, 45 B R BT B R K R AL P R BT T3 e 5

(EARE R A, 7ERH = B AR R 647
Wk AERTS, B T LR R #oh, A B 2
FEAE SPM AU . SPM 2 BTG 1 B (0 il
(AR AR A J S s AR, BRE 13X — e fiEths m]
FHFH #E D-scan 35 & DL S 78 ik wh 559, SR, 5
XPW 5 SD 45 “ L 5" R R[], SPM D-scan
o e E 5 AT T T BRI A T AR AR Ak,
X I F A M L SR A 5 . Tajalli 55 A BY ZEWF 5T
XPW D-scan [ 1& #& 5 b B, 4 % 7] X%} SPM D-
scan PEAT T SLGGPPAL o AluAT] 38 Ao e i e 41 4
il XPW {555, 030 55 FEATO 13 bif 1% 35 45 A\ £ 119
Ak, SEHAE A R, TEFIRE R SEg 254,
Jeik IR F P B .0 SPM UV, A A ot
HELPF—8, X—J7 ik TR XPW D-
scan IS4, SPM BUW AU 55 H A2 T4k
AEASE B8 P HERR M O3 — G s TR —Fb
oS BT & T B, SPM D-scan Y R 8% LK T
XPW F1 SD AR, PIHAE BRI H I AN UL

2E PR, T = AR R0V 1 D-scan £
RIER, #id THG, XPW 5 SD =FlA A 1y #y 28
ML, PSR 232 7 = A5 5 300 3 B S S 56 L
{5 R 2 AHERE, IR 8% T %48 SHG D-scan
(4938 FH31 5% . THG D-scan D JH 4R 45 5 43 B
e S 1E ST KR R A2 Wi R B # XPW D-
scan FEAH {5 1R L5 TOAR 3 B4 R E A B 10
KBEEE SN mp R AE B A J7 T H 1 SD D-scan 1
WRAER A T 5 R 6 A A SR 2R 454, 168 961k
52 kRl oy AL T SRR . b
BHEARWBI AL L, A D-scan FEM RS E LA
TN HBERE T RS

5 BLuEL5RED

D-scan 5 ARG Ry (14 D 2 B 467 114 2R
SHEERAR LI, Ok R N E 5 2 FhEE
LR R 5 I Y X M bk e R AT . M
. FROG 1, SPIDER %5445 Jr %, D-scan 7E
JEHE T i 5 I Y TR, Rk R A ik
o JUHOBIEAER, B R & RS =ik
M FER 5], D-scan £ S5 P B4R B4 FR Jhk
PR RS B RAIE, 1 B 4R 6 5 2 Ik eh 5k
S WINE R, BB R T AR b o2

W R FHAERE o SR ITAS AT AN 2, BT D-scan
FORTE L5 S I 5 38 Ly AT A A — S R X
Lk

B, NRGAEM M ER, BHij4 K24k D-
scan ST S BRI IO AR SN 5 | A ST Y £
B T, NHLES 3 1 BEEE A | BB Xt B0t
WA A o XA HMER B — e B
T RGARF G40 AR, PR T IR E
5T AR, LU 2 Tl R & 4S50V &
PR m TSR . EBAMRALE
5 FE R HEOGE N E A ABoR A (an
Ji& TE A R 4 # ) SEILE A AR, Bl D-
scan SLIw RG] {5 AR UL R T B Ty 1] . HE
W, MK IE VL IR, D-scan £ ARTER] LGS
TR NGB & R 2 H O, (HAE a4 s &
LT AN KM 25 0% B i i AR AN 2 03X — =)
PR IR T I B R LM E AN Bt ORI AR DT
Bt 56 52 FRAE Y BRI 28, 5 i Pk RE LT AP 5145
DULSFANHE =5 B . AR IR XSS () 4 DIAR G . Bl
T A REGIRAE SR I Y BN 237 ) 1 2E kg v
(1) LV B4R T, 7RSI SE A AL VG L dEZR
PEAT R RE S HERI PT A5 BT T, R RE R T
F U B e 2 = B AR Bt Ty 58 SR AR R I 4
AR, ¥ 240 D-scan I K R SCEEZEME 1, e
J&, T B S, D-scan 75/ JEI 1 8 4 ok i FAiE
Hh R S R v A R BEURE, XK K BE (>200 fs) )
T ARAE ST A ) 249 HE PR R . AR (5
FAHE 0 FEAR S B, T 5 ) 20 R 0 B o Jok o v
R O, T E R R ko, A
SRR R 22 5 R RS b B 5 6 R 46,
XS B Al AT PR R TR PR . R I
BT O HUEH Y B % D-scan J7 26 IR
i 2 170 589, {HAH L T FROG 464% K, D-scan
FEAR K IV EAAE e W 20, IREEA
R e IO R BT R B o o, s E A
OGS P ELA KA B 1 R TE 48 5 R AR 28 E N
FAEEATT, W2 SR ik T I e 9T o PR 2 08

B2 BRI L A B AN B . B
T B2l & e DR e R i Sk IR AL
D-scan 5 A B A B . IS L 18 R
BT S PR SR . AR —Rh s R &
P e H. i B (63712 Wi )77, D-scan F4F



16

RED2E (RgEs) %x %

SHAPEE. RAWARPHERAEAE,  SwESIR. R@RRIin R REN
FAREEARH], Bt SY B AR P IRSSTE

S LRk

[1]
(2]

(3]

(4]

(8]

(9]

[10]
[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

(20]

[21]

HOUARD A, WALCH P, PRODUIT T, et al.. Laser guides lightning [J]. Nature Photonics, 2023, 17(3): 231-235.
YOGO A, ARIKAWA Y, ABE Y, et al.. Advances in laser-driven neutron sources and applications [J]. The European
Physical Journal A, 2023, 59(8): 191.

SCHOENLEIN R, ELSAESSER T, HOLLDACK K, ef al.. Recent advances in ultrafast X-ray sources[J]. Philosophical
Transactions of the Royal Society A: Mathematical, Physical and Engineering Sciences, 2019, 377(2145): 20180384.
ZHANG Y F, XU SH, CUI E N, et al.. Research and application progress of laser-processing technology in diamond
micro-fabrication[J]. Micromachines, 2024, 15(4): 547.

LIJ, REN X M, YIN Y CN, et al.. 53-attosecond X-ray pulses reach the carbon K-edge[J]. Nature Communications,
2017, 8(1): 186.

T4, IR—h, A, . CEOCIKEER o T2 (], i dh 15 277, 2024, 39(12): 1612-1635.

WANG Y, ZHANG Y M, XIE Q, et al.. Femtosecond laser-empowered liquid crystal photonics[J]. Chinese Journal of
Liquid Crystals and Displays, 2024, 39(12): 1612-1635. (in Chinese).

YIN J B, LUO H, CAO T, et al.. Polarization-independent surface nanostructuring by femtosecond laser irradiation via
microsphere in far field and ambient air[J]. Light: Science & Applications, 2026, 15(1): 114.

DU SH J, ZHANG F T, MA L. Advances in femtosecond laser synthesis and micromachining of halide perovskites[J].
Light: Advanced Manufacturing, 2024, 5(3): 452-474.

WANG SH J, QIN W T, GUAN T Y, et al.. Flexible generation of structured terahertz fields via programmable
exchange-biased spintronic emitters[J]. eLight, 2024, 4(1): 11.

BRADLEY D J, NEW G H C. Ultrashort pulse measurements[J]. Proceedings of the IEEE, 1974, 62(3): 313-345.

GU X, AKTURK S, SHREENATH A, et al.. The measurement of ultrashort light pulses - simple devices, complex
pulses[J]. Optical Review, 2004, 11(3): 141-152.

KANE D J, TREBINO R. Characterization of arbitrary femtosecond pulses using frequency-resolved optical gating[J].
IEEE Journal of Quantum Electronics, 1993,29(2): 571-579.

TREBINO R, DELONG K W, FITTINGHOFF D N, et al.. Measuring ultrashort laser pulses in the time-frequency
domain using frequency-resolved optical gating[J]. Review of Scientific Instruments, 1997, 68(9): 3277-3295.
FINCHEIRA F M C. Frequency resolved optical gating setup for characterizing amplitude and phase of ultrafast
optical pulses[D]. Quebec: University of Quebec, 2013.

SHUMAN T M, ANDERSON M E, BROMAGE J, et al.. Real-time SPIDER: ultrashort pulse characterization at 20
Hz[J]. Optics Express, 1999, 5(6): 134-143.

KOSIK E M, ANDERSON M E, DE ARAUJO L E E, et al.. Precision and accuracy of ultrashort optical pulse
measurement using SPIDER[C]. Proceedings of the 12th International Conference on Ultrafast Phenomena XII,
Springer, 2000: 120-122.

LONDERO P, ANDERSON M E, RADZEWICZ C, et al.. Measuring ultrafast pulses in the near-ultraviolet using
spectral phase interferometry for direct electric field reconstruction[J]. Journal of Modern Optics, 2003, 50(2): 179-
184.

WILLIAMS E M K, DORRER C, RADUNSKY A S, et al.. Characterizing space-time coupling of the electric field of
ultrashort pulses using the SPIDER technique [J]. Proceedings of SPIE, 2005, 5714: 173-185.

LOZOVOY V V, PASTIRK I, DANTUS M. Multiphoton intrapulse interference. IV. Ultrashort laser pulse spectral
phase characterization and compensation[J]. Optics Letters, 2004, 29(7): 775-777.

XU B W, GUNN J M, DELA CRUZ J M, et al.. Quantitative investigation of the multiphoton intrapulse interference
phase scan method for simultaneous phase measurement and compensation of femtosecond laser pulses[J]. Journal of
the Optical Society of America B, 2006, 23(4): 750-759.

MIRANDA M, FORDELL T, ARNOLD C, et al.. Simultaneous compression and characterization of ultrashort laser
pulses using chirped mirrors and glass wedges[J]. Optics Express, 2012, 20(1): 688-697.


https://doi.org/10.1140/epja/s10050-023-01083-8
https://doi.org/10.1140/epja/s10050-023-01083-8
https://doi.org/10.1098/rsta.2018.0384
https://doi.org/10.1098/rsta.2018.0384
https://doi.org/10.3390/mi15040547
https://doi.org/10.1038/s41467-017-00321-0
https://doi.org/10.1186/s43593-024-00069-3
https://doi.org/10.1036/1097-8542.yb120394
https://doi.org/10.1007/s10-043-0041-8
https://doi.org/10.1109/3.199311
https://doi.org/10.1063/1.1148286
https://doi.org/10.1364/OE.5.000134
https://doi.org/10.1080/09500340308235168
https://doi.org/10.1117/12.602115
https://doi.org/10.1364/OL.29.000775
https://doi.org/10.1364/JOSAB.23.000750
https://doi.org/10.1364/JOSAB.23.000750
https://doi.org/10.1364/OE.20.000688

% x 1 AARTN, 55 C R R FOR AR R Rk o R AL Hh AT Tt 17

[22]

(23]

[24]

[25]

[26]

[27]

(28]

(29]

[30]

[31]

(32]

[33]

[34]

[35]

[36]

[37]

(38]

[39]

[40]

[41]

[42]

[43]

[44]

ESCOTO E, TAJALLI A, NAGY T, et al.. Advanced phase retrieval for dispersion scan: a comparative study[J].
Journal of the Optical Society of America B, 2018, 35(1): 8-19.

STORN R, PRICE K. Differential evolution—a simple and efficient heuristic for global optimization over continuous
spaces[J]. Journal of Global Optimization, 1997, 11(4): 341-359.

LEVENBERG K. A method for the solution of certain non-linear problems in least squares[J]. Quarterly of Applied
Mathematics, 1944, 2(2): 164-168.

MARQUARDT D W. An algorithm for least-squares estimation of nonlinear parameters[J]. Journal of the Society for
Industrial and Applied Mathematics, 1963, 11(2): 431-441.

GEIB N C, ZILK M, PERTSCH T, et al.. Common pulse retrieval algorithm: a fast and universal method to retrieve
ultrashort pulses [J]. Optica, 2019, 6(4): 495-505.

ZAHAVY T, DIKOPOLTSEV A, MOSS D, et al.. Deep learning reconstruction of ultrashort pulses [J]. Optica, 2018,
5(5): 666-673.

KLEINERT S, TAJALLI A, NAGY T, et al.. Rapid phase retrieval of ultrashort pulses from dispersion scan traces using
deep neural networks[J]. Optics Letters, 2019, 44(4): 979-982.

ZIV R, DIKOPOLTSEV A, ZAHAVY T, et al.. Deep learning reconstruction of ultrashort pulses from 2D spatial
intensity patterns recorded by an all-in-line system in a single-shot[J]. Optics Express, 2020, 28(5): 7528-7538.
SYTCEVICH I, GUO CH, MIKAELSSON S, et al.. Characterizing ultrashort laser pulses with second harmonic
dispersion scans [J]. Journal of the Optical Society of America B, 2021, 38(5): 1546-1555.

MIRANDA M, ARNOLD C L, FORDELL T, et al.. Characterization of broadband few-cycle laser pulses with the d-
scan technique [J]. Optics Express, 2012, 20(17): 18732-18743.

FABRIS D, HOLGADO W, SILVA F, ef al.. Single-shot implementation of dispersion-scan for the characterization of
ultrashort laser pulses[J]. Optics Express, 2015, 23(25): 32803-32808.

SALGADO-REMACHA F J, ALONSO B, CRESPO H, et al.. Single-shot d-scan technique for ultrashort laser pulse
characterization using transverse second-harmonic generation in random nonlinear crystals[J]. Optics Letters, 2020,
45(14):3925-3928.

CAPDEVILLE F, VILLANUEVA F, HIDALGO-ROJAS D, et al.. Multiple-reflections single-shot dispersion scan for
fast ultrashort-pulse measurements [J]. Optics Express, 2024, 32(16): 28742-28752.

DIAZ RIVAS D, SYTCEVICH I, CANHOTA M, et al.. Single-shot dispersion-scan using a combination of prism and
grating[J]. Applied Optics, 2025, 64(31): 9476-9480.

DIiAZ RIVAS D, BARBERO C, GUO CH, et al.. Spatially dependent group delay dispersion from a diffraction grating
and its application to the single-shot d-scan technique [J]. Optica, 2025, 12(12): 1923-1930.

DIAZ RIVAS D, RAAB A K, GUO CH, et al.. Measurement of ultrashort laser pulses with a time-dependent
polarization state using the d-scan technique[J]. Journal of Physics: Photonics, 2024, 6(1): 015003.

PEREZ-BENITO O, WEIGAND R. Characterization of the polarization state of few-cycle laser pulses using d-scan: D-
TURTLEJ]. Optics & Laser Technology, 2024, 179: 111273.

HOFFMANN M, NAGY T, WILLEMSEN T, et al.. Pulse characterization by THG d-scan in absorbing nonlinear
media[J]. Optics Express, 2014, 22(5): 5234-5240.

SILVA F, MIRANDA M, TEICHMANN S, et al.. Near to mid-IR ultra-broadband third harmonic generation in
multilayer graphene: few-cycle pulse measurement using THG dispersion-scan[C]. Proceedings of CLEO: 2013, IEEE,
2013: 1-2.

GOMES T. Temporal measurement of few-cycle laser pulses by third-harmonic[C]. Proceedings of the GRAPHENE
and 2DM INDUSTRIAL FORUM, GIF, 2020.

GOMES T, CANHOTA M, KULYK B, et al.. Ultrafast laser pulse characterization by THG d-scan using optically
enhanced graphene coatings [J1. arXiv preprint arXiv, 2022, 2206.01676. (£ W _E %Rl N AL BRI S5#%
X, HHIN).

WYATT A S, JOHNSON A S, MATIA-HERNANDO, et al.. Complete characterization of shortwavelength infrared
fewcycle pulses via third harmonic generation dispersion scan[C]. Proceedings of the Super Intense Laser-Atom Physics
XI,2015: 27980. ZEBIFTA RM_EBORL RIBBNAZ SRR RATE B, FHHA).

GOMES T, CANHOTA M, CRESPO H. Temporal characterization of broadband femtosecond laser pulses by surface


https://doi.org/10.1364/JOSAB.35.000008
https://doi.org/10.1023/A:1008202821328
https://doi.org/10.1090/qam/10666
https://doi.org/10.1090/qam/10666
https://doi.org/10.1137/0111030
https://doi.org/10.1137/0111030
https://doi.org/10.1364/OPTICA.6.000495
https://doi.org/10.1364/OPTICA.5.000666
https://doi.org/10.1364/OL.44.000979
https://doi.org/10.1364/OE.383217
https://doi.org/10.1364/JOSAB.412535
https://doi.org/10.1364/OE.20.018732
https://doi.org/10.1364/OE.23.032803
https://doi.org/10.1364/OL.397033
https://doi.org/10.1364/OE.529440
https://doi.org/10.1364/AO.571287
https://doi.org/10.1364/OPTICA.572768
https://doi.org/10.1088/2515-7647/ad1c6c
https://doi.org/10.1016/j.optlastec.2024.111273
https://doi.org/10.1364/OE.22.005234

18

RED2E (RgEs) %x %

[45]

[46]

[47]

(48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

third-harmonic dispersion scan with ptychographic retrieval [J]. Optics Letters, 2022, 47(15): 3660-3663.

CRESPO H M, WITTING T, CANHOTA M, et al.. In situ temporal measurement of ultrashort laser pulses at full power
during high-intensity laser-matter interactions [J]. Optica, 2020, 7(8): 995-1002.

CRESPO H, CANHOTA M, WITTING T, et al.. Direct measurement of intense sub-4-fs pulses in a gas target by 3rd-
harmonic dispersion-scan[J]. EPJ Web of Conferences, 2019, 205: 01026.

TAJALLI A, CHANTEAU B, KRETSCHMAR M, et al.. Full characterization of few-cycle pulses using cross-polarized
wave generation d-scan technique[C]. Proceedings of the CLEO: QELS Fundamental Science 2016, Optica Publishing
Group, 2016.

TAJALLI A, CHANTEAU B, KRETSCHMAR M, et al.. Few-cycle optical pulse characterization via cross-polarized
wave generation dispersion scan technique[J]. Optics Letters, 2016, 41(22): 5246-5249.

TAJALLI A, OUILLE M, VERNIER A, ef al.. XPW and SHG d-scan characterization of sub-1.5-cycle pulses[C].
Proceedings of the High Intensity Lasers and High Field Phenomena 2018, Optica Publishing Group, 2018: 978.
TAJALLI A, KALOUSDIAN T K, KRETSCHMAR M, et al.. Full characterization of 8 fs deep UV pulses via a
dispersion scan[J]. Optics Letters, 2019, 44(10): 2498-2501.

TAJALLI A, OUILLE M, VERNIER A, et al.. Propagation effects in the characterization of 1.5-cycle pulses by XPW
dispersion scan[J]. IEEE Journal of Selected Topics in Quantum Electronics, 2019, 25(4): 5120407.

CANHOTA M, SILVA F, WEIGAND R, et al.. Inline self-diffraction dispersion-scan of over octave-spanning pulses in
the single-cycle regime [J]. Optics Letters, 2017, 42(15): 3048-3051.

CANHOTA M, WEIGAND R, CRESPO H M. Simultaneous measurement of two ultrashort near-ultraviolet pulses
produced by a multiplate continuum using dual self-diffraction dispersion-scan[J]. Optics Letters, 2019, 44(4): 1015-
1018.

CODERE J, PEARSON B J, KAUFMAN B, et al.. Spectral broadening and pulse shaping in the deep ultraviolet[J].
Optics Letters, 2026, 51(2): 269-272.

SHARBA A B, CHEKHLOV O, WYATT A S, et al.. Characterization of ultrashort laser pulses employing self-phase
modulation dispersion-scan technique [J]. Journal of Optics, 2018, 20(3): 035502.

SHARBA A B, SARRI G. Single shot complete characterization of femtosecond laser pulses employing self-phase
modulation[J]. Laser Physics, 2019, 29(8): 085001.

EEEN:

(= =W T R R AR

ket (1975—), B, =R A, 1
&, Bz, BRI AR . 1998

ol R T E B R R KR
= 207, B KA S AR AR, D5 2, 2001 4F F v E BR 2 5 R K23k 15

AT (1997—), %, T H [ A, 2020
T BN R 25 % 12440, 2023

I S 4 o 2 A RO i M B2 0, 2007 4F T 35 [ B8 R 2 K
K% J7 H A BFSY . E-mail: zhaobianli@ ﬂ‘ SRR AR, 35 E R bR ifE )R, JILA
itc.ynu.edu.cn R BESAFIE 220, KIS R

o, BB SN0, B AR et ot DA R
AR A7 55 A i AR A TR ) F 5 B
HTHEAAE AL . E-mail: zhang

xiaoshi@itc.ynu.edu.cn


https://doi.org/10.1364/OL.460069
https://doi.org/10.1051/epjconf/201920501026
https://doi.org/10.1364/OL.41.005246
https://doi.org/10.1364/OL.44.002498
https://doi.org/10.1364/OL.42.003048
https://doi.org/10.1364/OL.44.001015
https://doi.org/10.1364/OL.583535
https://doi.org/10.1088/2040-8986/aaa9e9
https://doi.org/10.1088/1555-6611/ab23eb
mailto:zhaobianli@itc.ynu.edu.cn
mailto:zhaobianli@itc.ynu.edu.cn
mailto:zhangxiaoshi@itc.ynu.edu.cn
mailto:zhangxiaoshi@itc.ynu.edu.cn

	1 引　言
	2 D-scan反演算法
	2.1 传统迭代优化算法
	2.2 通用脉冲反演算法
	2.3 基于深度学习的反演算法

	3 基于二阶非线性的D-scan
	3.1 传统扫描式SHG D-scan
	3.2 单发（Single-shot）SHG D-scan
	3.3 基于SHG D-scan的矢量光场表征
	3.4 SHG D-scan的内在局限与挑战

	4 基于三阶非线性的D-scan
	4.1 THG D-scan
	4.2 XPW D-scan
	4.3 SD D-scan

	5 总结与展望
	参考文献

