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Abstract The emergence of ultra-intense, ultrafast, and coherent X-ray free electron
lasers (FELs) offers opportunities for ultrafast time-scale studies and ultra-small structure determi-
nation, making it possible to acquire images and movies of single-molecules and single-particles at
atomic resolution. With the completion and use of the FLASH, FERMI, LCLS, and SACLA
facilities, X-ray FELs have entered a stage of rapid development, and a series of cutting-edge
research results in the fields of physics, chemistry, biology, and materials science are emerging. To
realize single particle imaging, research institutions are collaborating worldwide to overcome the
technical barriers in experimental techniques, X-ray instrumentation and data analysis. They aim to
achieve imaging of nanoparticles, bacteria, cells, viruses, clusters and biological macromolecules
on the atomic scale. In this review we will give a brief introduction to the background, scientific
significance, objectives, research roadmap, current status, and prospective future development of
single particle imaging.
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time-resolved imaging
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(It (R &5 2 B[R] 20 G 3R T O, WISk BL S I
AL, R R EREA R B AR
IR .
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IO RE B LA R A [R] 2D na 2 SR
(Deutsches Elektronen-Synchrotron, DESY)ff &/
FLASH %% X 4} £% B | 06 254 B (Free-electron
LASer in Hamburg, FLASH)"", Z£[E SLAC E XK
DRk &% S5 98 5 P & 2 ok 2% AH T 6 I (Linac
Coherent Light Source, LCLS)", H A H L%
7% Bt SACLA %t ‘& (SPring-8 Angstrom Compact
free electron LAser, SACLA)™ & k¥l FERMI
X Gt 2k B o 80t 3¢ & (acronym for Free
Electron laser Radiation for Multidisciplinary Inves-
tigations, FERMI)"™  BR N X 525 B B 1 HOC
%% . (European-XFEL)™ | & [ElJii 1l Bl W+
$EE (PAL-XFEL)"™, Jeoh, &t B HEFHOLHE
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i S 5 T Y LR N &5 A TR i (Linac
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. EEA XL A RO E, ik
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B, BREEESAE R EESEOLE 2,
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M e 2 6 AS L4 £ . Mo T 1999 46 1 35
B, RR TG X Gt AR, AT
A% R PRI B STRER , #E % L AE IO AT
YT E ARG B, AR TR (b A A7
{522 S B 32 [ 3 (Phase Problem), f B %2 I
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53 B 1AL T U B (E AN [R] XFEL Jikc b4
TS L, SRR 2 XFEL kipoh 2 fs
I, TR TR w2 hkop K S8
i 10 I, oy S5 RE A AR R R AR
£, B #2006 4£, Henry Chapman
&E U A 18 13 £ [%] DESY #J FLASH
BEE, RISEEL T BALRE B 4 RN
KEERIHIATATH AR 255, fE25 1S
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i ot 5 S0 AT [R]— A A FE R
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AT ] [ ﬁvJthiZnu’.fk ]
(DESY) FLASH2 14~310 4x10'~10° <10~200 0.4~125 2014
T X G2 2000~12800 50~250 6.7~16.9
{5 e BT HX G 280~2000 70~400 2567
e SLAC [ 2 il i 52 5 £ 120 2009
(CREC) e nf i X g 2000~12800 5.0~10 6.7~16.9
Sk X R 2R 280~2000 6.7~20 2.5~6.7
SACLA FALAFF 5T (RIKEN) H A Tk 3Lk 2 4000~20000 60 2~10 5.1~8.5 2011
o [RGB e S 2 FEL-1 12~62 30~100 1~1.5
1 E]cmalilthﬁl HEUR J.Jh‘x B 10 2011
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ST B A I il XSO 2070~20700 4~10
PAL-XFEL TOTE R R E W 60 5~100 2016
(02A1L) XL 275~1240 3.15
g T Aramis JEHZE 1770~12400
SwissFEL (R E WIRBR ST Hit 100 0.2~20 2.1~5.8 2016
(PSD) Athos Y4 248~1907
P A B R 2 SASEI1/SASE2 1990~30800
European-XFEL BBE T I s e 2.7x10° 1~300 8.5/12.0/14.0/17.5 | 2017
(DESY) SASE3 240~4590
SRR 1361 FELI1 124~620
SXFEL R ,7.,[‘?5[“'” LAY i 50 30~1000 1.0~1.6 2017
BESEPT (SINAP) FEL2 400~1000
CuRF+HXU 1000~25000 120 15 2019
ey e, SCRF+SXU 200~1300
LCLS-II I mwm&” R eS| 1~500 4 2020
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I QUM |
SHINE (Zhangjiang Lab) i FEL-2 400~3000 10 3~600 8 2024
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f# 5% (Scanning Electron Microscope,
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3 XU i T EOGH TS AR AEA BE 7 Th B (F B A 275 3C
#k[6, 7, 31—36], CIRIHESHEHIRAL, MU T Springer Nature, 2006
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HIRUEME M, 2014 4 C. Song iff 52
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Stacks) 3k 5 5 7 (Cyanobacteria) i) B 55 bz fi7 5 &
F, B RGP 33—46 nm™, [ 4(H)RH
W2 G AR 7 1 5 13 B A7 FLER 41 AT 7 (Mlicro-
bacterium Lacticum)™, Ff3% 2% B sz U6 11E 2H
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coccus aureus), i 522K 4 R 5 4 W 15 5 3
B, ARAERTE TATHTEFERIE L, i SEAAF
T BRI E R S PR aiE T, mE 4(e)
WZTRTCHRIE . AARERTE T TS RS R 5%
275 Il B (R R b
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(Single Particle Imaging Initiative, SPI Initiative)2”
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2.2 #WRSEERMARTS

3 [E SLAC [ 5k o 5556 =5 B J& 1Y B 260
A AT YCIR(LCLS)VE A A EHESGE LR
— XS H B FEOCSEE™, AT T4 RE
Sy BRI R R0, AT X Gk A H i 0t
PAURL BRI B LK . AR, LCLS Bt
JEEY T G5 SR9 AR T X A2 i (5 286k (Coherent
X-ray Imaging, CXI) )i + 4y + Jt 4% 55 U5 o
(Atomic, Molecular & Optical Science, AMO) &
AT SPISEIEHI B, (ELCLS-I, 7R85 fnis
FE AR A o A X 2R B O R
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ARA e BT

Wi X 2% A L F-#0t3E B (European-XFEL)
VE A S 58—/ 1 ) P R B0 3 T s F A0
B, HERURL R AT 5 AR 508 B (Single Particles,
Clusters, and Biomolecules & Serial Femtosecond
Crystallography, SPB/SFX)i% it 5 &t ik & Eit
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