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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. 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 reviews second-harmonic-generation (SHG)
D-scans based on second-order nonlinearities and details the technological transition from conventional scan-
ning methods to real-time, single-shot measurements, and highlights recent progress in applying SHG
D-scans to vectorial optical field characterization. Subsequently, to break 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 de-
rivatives. 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 dura-
tions. 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 the label generation graph from an input spectral pulse. The input of the simu-

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

tern is reconstructed through the network. The error between a reconstructed pulse and its real pulse is used to train the

network and improve the network parameters by back propagation and gradient descent!!
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Fig. 4 Schematic diagram of experimental setup?!!

BiJS, R T SRz AR TR R ZOGIE A T Y
EREM:, Miranda 28 AP #F— 2% SHG D-scan
T2 G4 4685 6 fs 48 Fa i ik il &, 1EBA
T RMELEGIE S5 B 2 s AR S LT, 8
i OUA ATy R WA ST AR A o (HF 5% ] e 4
W, A ARG A T, A5 S AR A AR 37 DT i
TG R R BRI R 2=

Bifi 25 4 A (4 S B L2, Syteevich 25 A B Xif
D-scan £ ARHAT T RGNE R, S48 TIxBARTE
3.4 fs 2 43 fs R IK il A 56 T WO = AL
SNBEBL) )iz aE A, R AR TR R AT
A 5 R AHURE A S, 2D AL T AR
S Jok el 3 FH T EL A A

From laser

Green DCM

f= —25 cm

Scanning D-scan %

BBO Pol Fi lt

3.2 H’% (Single-shot) SHG D-scan
JUEAL G X D-scan HAG # =1 A0 124
B, AH AR AR 352 55 R B2 B0l 1) TAEAR
REL ) 0 £ B, X DA G A2 X B R IOk i W
AFREEIR SR WS 752K o oA T S IR — Bt ]
AR LR, PR ARBIA T “SRIZHEE R
R, RIKE (o BB 6 1 2 B A < BRS04
Bl ok < 23 WO TS, TR B T & SHG
D-scan AR . FERfE A R DI, R 1 XS]
NG T oK, TR T AR 28 1) 25 (]t L
FIABLR, AL T S, PR ZE AR Y
18 FHYE ] DR ) /2 JET I R e 22 R4t
Fabris 5 A P2 2564 75 4> H.% SHG D-
scan 77 &, SCHL N B A 5O 1 0L ) e 1
Hff()ﬁﬁ/? FIIH BK7 3¢ B4 B Ae G R i |51
25 ) A, A5 G RN [] 23 [R5t AN [R] 7
@?ﬁlio T I AR — R M SRR
T SHG ik, BV AT SR BOE & 56 AR BRUE #
1) 4 D-scan 38 ¥l . %7 RN LIL T 425008
JCET 45 J5 V. 3.5 fis /b J 393 ok o 18 S ) SRALE,
TS (Al R A AR LA, (IR R R T
WG ARE Y R, T IE T AR bk ]
T ik — 25 4 R ik ol & [, Salgado-Rem-
acha ¢ NP3 & T — P T IO AR A (an
PR EEAN, Strontium Barium Niobate, SBN) [t 1]
TR (transverse SHG, TSHG) #5154, FIH
i AR [ B 1 S R 1) A 57 DG JSC AR R 5 €8, ()
8 BT AR A S AR A, I T
46 fs [k,

(from HCF compressor)

F11p mirror
Telescope M1

Imaging Ml

Imaging M2

Single-shot d-scan

10 pm BBO

Imaging
spectrometer

K5 AudE EJr RS D-scan FI T B % D-scan FDG2R%% B s B

Fig. 5 Schematic diagram of optical setup, comprising the scanning D-scan setup (top) and the new single-shot D-scan com-

ponent (bottom)?*”
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Fig. 6 Schematic diagrams of the experimental setup for (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 Schematic diagram of experimental setup of XPW
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Fig. 10 Schematic diagram 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; TS, translation stage; SP, spectrometer; DM, dichroic mirror; CM, chirped mirror; W, fused silica

wedges; P, broadband Glan-laser polarizer; CCD, charge-coupled detector; SF-HCF, stretched flexible hollow-core
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Fig. 11 (a) Schematic diagram of experimental setup for SD D-scan (see text for details). (b) Wavevector diagram of noncol-

linear SD. (c) Retrieved temporal intensities for SD D-scan and SHG D-scan®?
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