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Fig. 1. Single-shot measurement principle for time-depend-
ent AC conductivity evolution in WDM: (a) Schematic of
the experimental system, where CM1 and CM2 are two cyl-
indrical mirrors, and RCam and Tcam are the reflection
light imaging camera and transmission light imaging cam-
era, respectively; (b) principle of spatial chirp which maps
different time delays to different spatial positions.
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Fig. 2. Imaging resolution and time delay calibration: (a) Image of the USAF 1951 resolution target, where the imaging system re-

solves down to the Group 7 Element 1 (128 Ip/mm) in the horizontal direction; (b) spatial distribution of transmitted light intens-

ity variation (AI) measured via the polarization gating (PG) method; (c) time delay calibration using PG, where the 9 curves rep-

resents 9 different measurements of AJ vs. space with delay increment of 33.3 fs.

SR AR T 5 Sk OB A E . A
FH—F R /INT 50 pam B8 R 7 8 AR RE
BICAEFE AL, YA ZE GRS, FRINDEE A 5 I
PABHLARED. AEARBLATHCE — DR as, JFET5 2
PEIE 58 AT EHRAS. SRS, LA G B SRR
FEFI RS % -8 65 VR 15 P SOGB4 SO TE
A kRIS AR, LA S RAEL R
IR BN 3 44 il A B0 8 A ik B D BT S0
T A i 1) A, S T 4 i Ao R D 5 14 0
WAL, ARl 2(b) s, BB 1 id g s X
B (AI>0, 26X ) REWHOLE S A E
(FFRERT), T A 00 3 € 1 DX Q3 1 i ) (FE 9
JEAERT, TRMIEAEIT ). D& F2RMDETEN i
B TEZ MBI T, IS BSOS R T, &
(Ao EE 2 AT ABRE . IR, S PO
HERTAHZE R, FEFES, D8 R RE AR, k]
DA T PR RO B IR R i i B ) JS . 7R B SRR I
FIFRE SR AL 10 pm SGTE L E R (33.3 fs) 78
AN FIE I T (303 £s) K T 181 4 9 oI P A
XTHERT, AT LALEE 2 6 G s ZE XTI 23 (] 1 A4tk %
B, N 2(c) BiR. FIFHLMELA, T LA & AL
FAZR S AT (X6 3 224K k = 0.6 fs/pixel .

3 BRI E AT

AR LR34, BRA S A e AR G dme L et 8]
BB TN RAE M Chk h S . Sa Y
B E AR T LIRS 13.8 fs IR 40 B, (A 7E 5
PraffFad R vhid 2 B SE AR E | SR R L
B R AP AT SIR G S5 08 2 R 52 XX
SE R BT I

3.1 FERIIRERE

R 3C A2 2R I 31 17175 56 T LR B b 5 2%
T PRI Y o 8] T 5o e, R BR T P RO 7E —
ANBEAEY- 10 B SR NE O, 2200 T A A4 A
e JEBERY SR In1E 3 Fis, PRI Rl 5%
A AR, SR S RN 4 A
M B i i, R m A R R SR X L
A F B WS AE AR Z G b6 B[] — 23 [\ 7 8, 4
HATHIRAN R A -BRINEE . 5B b, #RIDEE
ik B A 5 NETER T C fA S B L AH
BHRMDLIRR] A SR, N CRIEARREMDOLE A
2 DA, Ik, B i - IR0 HE AR A S

095202-4


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
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 3B £ 3R Acta Phys. Sin. Vol. 74, No. 9 (2025) 095202

AAESERR ERLAE TR A AR ZE B Ayt
I AHDEIN D A2 B s a]:
nd  mpdeos (¢’ + ')

AT = 4
4 cpcos/3’ cocos/s’ ’ )

o Ty 2 BT 2T MGG A5 S S 7
FHE R A BTG, T of R B 43 IR 5 W I A
METEAN TR BOPT 5T f. R RER SCRe S8, Wl
LIS Ar (5] ~ 0.42d [wm] . SEHH, I TARE SRS
(AT JEERE S 30y, X7 128 BB b BE Ay
12.7 fs. BHE—HARTHERE, AU HSEE A 24 pm
AT e IR R 9. X B ARG R 2
A 3 1 B  p ) od F, 7 4S
4B ELRE A 2y 30 nm, FCIEREMS R H i [E]
Sy HRAR FE SEAUN T LA 2 AN

PG

P03 A by 5 X A b A S, RO
AN G AE Bl R AN [ V5 2 4 by B AN T B S s

Fig. 3. Effect of quartz plate thickness on the accuracy of
the delay zero point. Probe light and pump light experi-
ence different delays at different thicknesses of the quartz
plate.
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Fig. 4. Delay error introduced when sample plane and calib-
ration plane do not coincide. Point O is the delay zero point
calibrated using the polarization gate method, Point A is
the delay zero point on the sample perceived by the trans-
mission camera, Point B is the delay zero point on the

sample perceived by the reflection camera.
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Fig. 5. Imaging simulation of abrupt structures: (a) An instantaneous abrupt structure (real) after passing through the imaging sys-

tem, the image (imaged) exhibits a diffractive oscillatory structure; (b) images of 5, 10, 12, 15 and 20 fs gradually varying struc-

tures.

1 RN ERRA R AT AL S R AR 1R 25 0T

Table 1. Error analysis of conductivity evolution in single-shot measurements of warm dense matter.
RGP RN AT H T
UK
o . . 71 =9.7f8;79 =518
RGN E I HER AT FIICHKIE = AT = /72 + 73 + (xAz)? x = 2.1 fs/um,
. Az =4 um, AT =138 fs
WE RGP Ax
HERF RbRAE R 2E Ao AR R L ATolfs] & 0.42L [um] L =30pum, Atg = 12.7 fs
B FE S S IR ZE ATor . . Ator [fs] &~ —0.72d [um], d = 35um, Ater = 25.2 fs
B IR COREE d oIt o
ST ERT 2 fE LR Aror ATog [f5] & 0.038d [um] d=35um, Argr = 1.33 fs
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Improvement and analysis of time accuracy in single-shot
measurement of ac conductivity of warm dense matter”
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Abstract

The spatial chirp based single-shot pump-probe technique represents a pivotal technology for studying
electron non-equilibrium dynamics in warm dense matter created with intense laser pulses. Notably, its time
resolution can reach tens of femtoseconds. In this work, we introduce the single-shot measurement technique of
ac conductivity of warm dense matter, as well as a detailed account of the experimental setup. In addition, the
main factors limiting the time resolution of the system are discussed in depth. We show the system can achieve
a resolution of 13.8 femtoseconds. Nevertheless, during practical application, several aspects, namely the
calibration of the zero-delay, the depth of field of the imaging system, and the low-pass filtering effect inherent
in the imaging system, will exert a substantial influence on the time-resolution. This research has important
reference for enhancing the time accuracy of single-shot measurement of ac conductivity of warm dense matter.
Moreover, it serves as a potent tool for the in-depth study of the ultrafast dynamic processes of materials under

strong-field conditions.
Keywords: warm dense matter, single-shot pump-probe measurement, spatial chirp, ac conductivity
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