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Brief introduction of low-energy diffraction limited storage-ring-based
synchrotron radiation and its applications
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Abstract: Driven by the demand of science and technology, synchrotron radiation (SR) facilities continue to
develop. At present, the development of SR has gone through three generations, and is in the vigorous development
stage of the fourth generation (4™). SR based on diffraction-limited storage ring is one of the typical representative of
the 4™ synchrotron light sources. The mainstream of the 4™ SR is to further reduce the electron beam emittance, so that
the light source from the 4™ SR exhibits excellent transversal coherence and is able to produce circular cross-section
radiation. If the beam emittance drops to the optical diffraction limited “radiation wavelength/4n”, its brightness
enhances to 2-3 orders of magnitude higher than that of the third generation SR light source. The qualitative leap in the
performance of this SR light source will bring a substantive breakthrough to the SR-based experimental techniques,
and bring new opportunities to the cutting-edge scientific and technological research, as well as the development of
modern industry. Starting with the development trend of worldwide SR facilities, this review first introduces the
characteristics and performance of low-energy diffraction limited storage ring (DLSR) light source, then introduces the
progress of experimental techniques brought by DLSR, and illustrates the application of low-energy DLSR light
source in material science, energy science, life science and environmental science, as well as its industrial
opportunities. Finally, the technical breakthrough and potential application prospect of low energy DLSR light source
are summarized and prospected.
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Fig. 1 Comparison of light spot cross section between 3™ generation storage rings and 4™ generation diffraction-limited storage rings
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(a) schematic diagram of XPCS (b) comparison of temporal-spatial resolution of different techniques

Fig. 2 Schematic diagram of XPCS and its temporal-spatial resolution compared with other techniques''*!
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Fig.3 Schematic diagram of STXM and ptychography
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Fig. 4 Sketch of principle of various X-ray spectroscopic techniques based on synchrotron radiation™!
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Fig. 5 Sketch of principle of various X-ray spectroscopic techniques based on synchrotron radiation®”
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Fig. 6 Characterization of electronic structure of quantum materials by ARPES
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Fig. 7 High density racetrack memory based on domain walls and domain dynamics in antiferromagnetic metals®*
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(c) energy-dependent RSoXS curves of polymers (d) morphology model of polymer

Fig. 8 Real and imaginary absorption, energy-dependent RSoXS and the corresponding morphology model of three polymer blocks!"!
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(a) simulation of the wave field amplitude (color ruler) with the function of (b) buried interface between donor and acceptor in
the grazing incidence angle (horizontal) and relative interface depth (vertical), a double-layer organic photovoltaic device showing
displaying a large interface enhancement near the critical angle the different orientation of donor molecules

(c) polarized X-ray detecting the surface and buried interfaces in the bilayer

Fig. 9 Enhanced X-ray wave amplitude at the surface or interface of films or heterostructures due to standing wave effect of X-rayangularreflection'*!
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(a) viscosities obtained from XPCS measurements of (b) illustration of the frequency-dependent loss modulus G” (@)

capillary-wave relaxation at the surface of a PS film

Fig. 10 Decay of capillary waves in entangled PS films observed by using XPCS™”
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Fig. 11 SR lights provide versatile X-ray spectroscopic techniques, such as sXAS, XES and RIXS, to describe the electronic structure changes of

electrode materials during charge and discharge, and guide the synthesis of materials and the optimization of their performance
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Fig. 12 Near-ambient pressure XPS characterization for water-gas reaction and Fischer-Tropsch reaction
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Fig. 13 In-situ catalytic mass spectrometry in Hefei Light Source and its representative research results
B 13 2 M RSO A R AR AR B ME I 5

P, DA SO % oo AR I A 00 9, Sy S B4R 0% e R BORE R, R ZR R AR pum RUEE 2 [A] 43 B A R £ 43t
THTRE . DI oA~ R AR A SR E— 2D 4 R R X R I o F T A A A R P AR, BT LA H i
T SVUV-PIMS F 1L 25 B R AR HR TAEZEAR B (107~ 10° Pa) o IR JEIAEE BARA F 36 M b SL06 0, {5 5256 4% 1
AT O0A 228K, JOie 2 18 B 1 A b SR 3 A B SE i Ab 5 A R . 2 F — R RSO0 IE L, T LR &
JE B AAEAGT- £, $h R BUA TR )15 R, 8k 22 90 25 4y BORE | T (R 10 3l B (> 5x10" phs/s) FlRE & 43 BE, LA
e 4 SBT3 JB 3t 43 BF, SN i 2 2 MPa (9 AE A A Ak S rh i e e ] A S B BORE R A BRI, O AT S e
it TPD Fl3) J) 24 5% .
23 EaRE

(7] 25 8 SR 0 B K e ELA TR 52 0 1Y) — > 2 s 4013 A A B A T B S5 R A WA o SRR AR SR O AR
Mrcem BRI A BUKSr F A58, 22T [ 2 W ORI X2 SR 2# B @O A T sl sk () FBE . il 8 A 8Os
J# (PDB) Fil BioSync (944 b 7, 305 4F o FH [ 25 8 S B 09 2 1 o F 80 2 o5 B i 19 70% DL B, BEERFE IR AP 4R
SOEWE R L= T S A RS, 4 B2 1997( ATP 4 il 45 #49) 17, 2003 ( #5138 18 45 44 ) ', 2006
(RNA R A FF45HE ) 10, 2009 (B 2544 ) U1 FT 2012 4F (G 15 A I A2 AR 2540 ) U il D1 SR k2

Az 1 B W ROBEJ& 2 R R, I JET/50 F ROBE, B0 20 i RO, BB U IR . 1845 T R A6 =
IR 3R 6, N X5 2 AT 5 42 AR & J i ok 1 2 1 0 X S 4R AR A 1R I 1 /00 T 2 IR AT = T A= b 24
HYHE B2 o AR, AT & S T E A A A 5 s R IS n W Ak 22 ML, 36 55 2 AR 43 —F R 4 e R
TR 248 0 A ) 2 R0 35 R 8 A RO LI AR o 0 R A A ) B A BT, A0 D R [, A i f BRI 23 A2 B R )
YL AR o RIS BT RAT 0t 2 R BOR IS, Q0B IR T BRAE o BT IR I BRE A — Rl R AT PR, R
AERIR I —F . B AW DI AN M A SUE F A T U ASBEREA T4 5, PR G RT EER R B[R] A R S R AR SR A TR

FET PG IR B 3K X 5 LAl 177 569 AR AR BE T Jr AR A 1 3 7K A M JE PR e iR, 25 18] 43 BEBE I U6 T 10 nm,
SRy B JR R T BRAE (14 0 S g AT 4 A 00 B 0 0 B Z R P S5 R AR B o IR, ARSI R B ER R Y A5 45 B 2R O R A
EEVIIE R o 6P JR PG BRAE T, e EZE 0 A i R IR A AR A 7 AR Y o AR BT UK SR BT S i Y
A-BHEHVIRRBE R LI T S e FE AR R B 1. BB TR T S SRR RS AR S, B B TR AL IR S AR rp T
W5 A 256 M E G Whaes IR Bt &4k . DNA #5404 Fh 8 PR E 8 11 b st im0 Ak, T el 20 i oy 5 25

104006-17



#oW ok 5 BT K

TR BEC IR, WL I S G W A L R SR B A5 BT L SR A I S PR AT A R S

HRE I 2 W SO AR TR T DASR A i 20 2 D B A Y R A AR R L TR A A R 2 AR L 4 X Y M 2
U 20 A% 9 S5 R A0 A 5 B o X SR B 00 R R 15 00K D BT 5 Bl R vl BOAE 55 3 O 4 22 18] 9 5 R AR A
(9 S0 Bt o e A 9 M S OB E TS R, AR B4 Hh A A S W TR S (] 5 A 1R S, B T A AR A S ) R
BB B MK RENE S AOR A YO AT 58 v, 38 BR T ZEARAT 94 K FURE | 290 0 45 6 40 i oA S 4 =5 1
A5 B, SURE B ARG A0 PN R R DR ) A 2 0 ARG R (TR 1)U il SO A XS R RE B, K X ARl
TR AN K I3 B 42 9 B O AR AR 25 B R B XS AR T o i AREOR T DL I S B i ) = ZE 25 4 1R 5 o
R MEFLAEE G, AOTRR: | R dr Rl | BEIRBLA S5 A A R AT ST Y D0 R -45 M- D RE " M E G &
b7V ol N R V| D= s T s N B =R /S VT 5B 7/ NG s 2 v AN 1 R IR e O S e R )
KA 55 A0 5 46 T kLT WO A ELAE A5 D7 TR A AT 0 BRI Dy S0 T DO AT A BRER B P RE T A B AREOR
AT LA 5 7K R A0 M B A AR 1 A OB, REIRT I 4t AR ) = S5 T R A (5 8, W R A P Y i
A= i A ELAE A AR 7 5K

uptake

lysosome

apoptosis

(Ag)n
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Fig. 16 Effect of particle size on the single-chain dynamics, taking PEO composites with a

fraction of 1% Au nanoparticles as a model, by using XPCS'"*"!
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Fig. 17 Combustion reaction dynamics simulation for aero-engine and its potential applications "
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