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YAREIHS7 (9| Q51 0|22 WAIBIIS7|0A PHEOE X(AA)-ME 025101 Y S42 O[ah5t Lot FA(0|0|F;
imaging) ZITHt X275 WLUS S0 QIFS| 4L A0l 7|0i5H=0i| S2{0] ULt 18954 S| Wsixt WA 2t
ZEH(Wilhelm Conrad Réntgen)0| X-Mg U745t 0|& X-M2 SX7HX| ZHO| ZITtn} of X|20] IiL 2351 01851
UCH, 0{7]0f WAL S HE5IH M2 2 A2 JATIH U X227} 7hS5HA| =QACE S X-M2 0|88 JA &= W2
B2t = (spatial resolution), CHH|(contrast) ¥ A2 sHquantitative scaling)?| SHA|I7F ACH E5H HAMMX|Z W2
YAMHS BL0| LFA7 = 71&, YARI0| it YD ek 2] A0]2] €182| X10|Z Hal= 71& S0l 8AI7F UL Xt
40 O SOt MAIQ] o2 A7 TE0M LA X-H2 B850 MER Y X YARIR|S Y| /LS Aol 2ol ALt
YA HIREZ0M T7|1HE Soll 3 GeVY OILX|2 Lo {0 7HAA 714 E MRt 228 X4 (bending magnet)
= HUHR|(wiggler E= undulator) SOi| sl ZI3 Y0 2 Tf A= HAL7| YAKMOICE HAES Q| A|7|7}
5t F7(7H Ao, HXQIMNA X-M0j| 0|2& A OL{X| AHERS 7IX| 1 JUOH, FYO= HHE YO (1S HS
2 QUL 0]2{3t 42 01251 YARE2 YF-2J5t 0017 ¥ X0 1R S5t F8SH =771 2 4 AT (& N[1].

MIAH SAE7145719] ofst A48 SRl &E

Q0| Spring - 8, 0|2'2|0t2] Elettra, SY°| PETRA, ZZAO| ESRF, 7{LICIS| CLS, 32| AS S8 FAI02 YAIES
A0 HESINAL Lot QUL 9Jst 18 & YatQl2 YHHOZ AN F7|0f Tiet & At HF|, Rt HET
AL0I2] 72|, Z=At #RI(FOV; Field of view) X HIYXIS 23101 ME, £, 25 S X2 HHZ FH 2 S&, A
OI27|7IX| B4 & Rz 717t 7hSStes MA| F AT UCH (O™ 1) [2]. E8H 24 AME M Y, EXES
Cid, 2% Gl HYY SOf AA| Fdla SO ZHA QUL

T YA 9] ESRF(European Synchrotron Radiation Facility)0il= 25.0-185.0 keVe| 214 H2fQ10] 755/0] L0f CHe
G 718, WARMX|E X YA W28 H71S 0BT QUCt 52020 S 4M|TH & EBS(Extremely Brilliant Source
Project)flAf= 350 keVe| OfIL4X], 220m Z0[9| X-M & YIS 7&310] 2= H Mz, UK, Ui, BE § 02
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S20[0| = &L50Xt 3t} 339 AS(Australian Synchrotron)0ll= 1356m Z0]9] 244H IMBL(Imaging and Medical
Beamline)0| E&|0] QICH (O 2). IMBL2 15-150 keV2| OfLIX|0}, ZAFHLI(FOV: Z|C 500mm x 40mm)7t A
QA9 Y U XE, HHYSSS 018t AY RHO| AL 7kS0ILt. 5= 5400 20261 3 62! HEPS(High Energy
Photon Source)0lli= MHE & M2IQIS 1x} 7|2 14712] WafRl0] ZEAA 75 S22 10-300 keVe 0|4 X|0], Z0|=
350m 0|c,

F OEXY YAZE7IS7( ol A 28 ME!

olst 718 & |22 Q8% QR T|E JHE 2 OfLI2t M, HI0|2, BHYE, AlF, A=7|7], &AM, YB3 A7 S
02 20IME 20| 7kSoICt. OIS S0 MOf HY2 HHEAE 24 — FX7|8 Y=Y —~ HYYAHE —
UYAT — J85te| HHZ O[RUTICL. 2 YARZZIS7 (Ol HUETE BM2 T1SSHAIT, & ZAIHKO| ZO0tN
Ty # Y87 S7tsolt. M2t 2F OSH YARZ7IS7(0N 20| HQol 7ty SEX0IH ZYHU=
YERI2 EETIE7|0AE #3710 QUEl= 2fst P18 S BRA0|2LL & 4 QU 2SI 8 HAUR XX, 452 S
A2 AHZ FE 2 2, M3 01271 Y & X2 MUY H YLAHFIL 7HSS ZAF HY, BOLX] H X-M
YAAIS ZF0{0FRICt ot YElRIN HE0 SBXIMUEES HESIH & XL 24, 018 X2, 4F ¥ ¥] S2 8510
2ES SUSISI0I0F SiTt. =L RS 2 TAFHE He st A8 S el EEXHME S 7120817 |20 7|2t
SLOZ Df2f HEYSHOI HIO| QB ALY | XEHQ G- 7101 Z0]Ct.

X A28

1. Suortti P & Thomlinson W. Medical applications of synchrotron radiation. Phys Med Biol 2002;48:R1 - R35.
2. Dullin C, 5. Multiscale biomedical imaging at the SYRMEP beamline of Elettra - Closing the gap between
preclinical research and patient applications. Physics Open 2021,6:100050.

AME=XE Y 7|4 oitsly 7|2t W A | SXIHK| S O
HEP= (Angiography) EAIZA (projection image) ARSI JUED
7| #ZA= (Bronchography) SFAIGY, CT I, 7| (airways) SE
HASIHSEY CT 4t s T ==
(CT ; Computed tomography) (head and neck)
O|MIESEY (Microtomography) 3D CT g4 S x|
QHEEAS (Mammography) S, SYRL, A2t o] 4 At
HIAMMX|Z (Radiotherapy) LIEEIN MELY s=
AXegskx|2 oo
(Photon activation therapy) S 2M = Al
AAM $40|F (X-ray microscopy) = o A
OIM| & (microfluorescence) AL CT M, =5 HIZ 5 25

(1) SArES 0128t ofst o7 $igt
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(33 1) O|Z20} Elettral] QM HHLE SYRMEP
(SYnchrotron Radiation for MEdical Physics)
&) 2fQ10| JH2fe. T8 KHA(B)0H 2fo AT AR
HS 2 I 200|E(V)2 ZERISI0] 2ok= 0iLiX|
X Y Ys Ao HH|o ZAFBICE

AIE AH|O|MOAE= HA-HE71(D) MO HEIE
SemOilA 3m7EX] ZEE 4= QUCt

A AHOIMNA Y 2I2lE HEBI0 SR E
KBt 2 dxl= 2HA R10| A= Y2
SR HOLEZ A 51 HRIOIM HE7 17K
H2E 10m 0|¢o2 & = It

(38 2) 8% AS(Australian Synchrotron)]
olst &j2tol (IMBL : Imaging and Medical
Beamline) (F24 H4 Ui 21 & 29| %)
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SSein So/skat W4, S YAR7IE7 [SRAT

ox

YRS 24 7§19 712 HEl= Of2fe| I3 at 20| M2t ZZ0|Ch NS EESh= 7|-2 SU0AS] HAY, EA 712
THEoh=H 2851 Qon, 23S E&dts J|H2 XWX 71X, HA FF, MERIH, S5IAE M, AHEYE
THEoh=0 2851 QUL 0[28 72 H2SS S EalisS 7HKIL S7oH| Stk A0| X-M Bi0|Ze 22 X-

gefeiolct.

2 U i

XPS : X-ray photoelectron spectroscopy
XAS : X-ray absorption spectroscopy

mmmmmmmmm

XRD : X-ray diffraction

i

ZY TE, 2R b, 24 oY, S92 MR EE X, TR OIAR| &, b BF, 2B 7LE, LA5HIE], 3t5} 25! oJEl, Rhy A, ..
ojyz Lojolo] $BL 90| TIMSS LiYapl 2RaHT ULt

Energy (&
y
)

of Banh ot

== google/ www.globalsinocom.
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(1) Er 238

22 ZRO| CUES D0t 89 401 YT O1S AASI ZHSIAZIA S, 71Nl BT HISS H= CE 20
BHSOEICY, O] M Z0] Lol ARt 71812 $E5MH EIR1, HHIS TA5H= 2K, EX10| IR BHS o 4 QA H
YA BEaH T 2 A2 BN 012 J47IRTANN S5 ZIYE|T Qs HRR0M0|N, YBHO| Ereo)
O1aH & OFLI2Y, 419§ 42 2I3h B 1=2tS0] O}RO{X|T ULk,

(2) MZLY OlMIFE= St

X-ray microscopy= 282 E4-& X0|Z 0|25t 2X| 2 2HUA SHE= HH0| M2 7HI6HHA YM6H= phase
contrastE 0|2610] EX2| O|M| XS 2EE 4= ULt 0] 2O0IA HA] LF St 210 soft x-rayE 0185t x-ray microscopy
(XM)OICt. 0] AL water window0i| SHEEH= soft x-rayS AHSEIOZM, £8% £0f Q= MO DM X2 813l 4 UCH
Soft x-ray HAMME Z&/EHH AXT} FH| U510 £4 nmo| Z7HEsHSS FoIch=0| 0{2{=0| QICt. [f2tM 0|2
0|83t MZEL O]A7[2e] A2 Z 217 FH7t =0T o2 118 (¥%) 2 0]=2] Advanced Light Source0i|lA] A& ot
LHEo= Lzt2|otof ZYE T X ASHITH O M0 S DYS R0IFT UCH 2xFEEOI ALE XL, CT
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7|'4S 018310 3R Z MEES ATSH= 7|£0| LTSI MZQ| i st L0 thet H7E 7hsaHi| ol FUCH (AL
QEZR). 0| YYS TAB0IZOZ HTY I WS £ QU= offt ST A5, 2 ¢ AlZte] HES Bt F=
7|'0lct,

uninfected blood cell a newly Infected cell a 12- hour old parasite Leupeptin treated cell

£

Tubular

P ing from the ite into the red blood cell cytesol seen with a young parasite. Larabell & Le Gros, Mol. Biol. Cell, 15, 957 (2004)
Image size = 7 pm x 7 pm hitp:/iwww-cxro.lbl.gov

(3) EH0|F 7|¥S OIZsk= OM 1= A+

EEYC Y2 22 & ¥ R HHE HMSoks A2 DIMFZS 22l 2X[0|M2] HAo EFL skt
HEE #ol= A ESH FUSH 2O[0|C}. 2 Ui HI0|Q A7t US| S5/t =i U=, MEL LS HO|
S0ZS 3F 0wt F2J0| LOLK=X|0f CHEE 20| =Cf. 0[0i L3 FHS oM MIZL LS 20 Chet B4 EF 2
OfL{2t Of L= S L1t SE17F OIHBHR|0]] LSt A7t O|ROIX| 1L UL, O S04, FeOx LI RIXHE MIZE0 21 0|5
LIRS0 R0IM H7IES Q71510 MZO) LSt &S A7a17|= STt (FHE2] tistu, 457| Ws8). 0/Z2/0te]
Elettra ¢i7122| ZR0|< 0|4 S 20| YEH 0 Mgt F&= DIX|I=XI0 et A7+ Eolct. HISSH, 4H2=2 Qo)
Q|| H0i| OftE St H20| Loiit=X|ofl ChEt G2 047} O 0| QUCH 20N 2ok, AH0| Hoj ZZrst & 3 AlZto]
E51S I 4B 210l Mg, Fe, O HAS0| OfEst ZRE 0|F 1 A=X(0f Chet Y2E HMiSot ALt 028 A= HTHO|
QIH|2| HOl 0|X|= S&E Eok=Cl EEE + U= AOIC.

E = 2019 eV, 50mm, 100X100pixel, 15
s/pixel LEXRF, 4 SDDs

L. Pascolo, A. Gianoncelli, et al. Particle and
Fibre Toxicology 2011, 8:7.

L. Pascolo, A. Gianoncelli, et al. Scientific
Reports 2013, 3., Scientific Reports 2015, 5.

COVER STORY REPORT ISSUEPAPER INFO 08109

(4) X-H G4 HS 0|28t WAL LhS 7= HE

HAWA X-M EF AZIS AL CT H= 20t 20| YA X-42 018510 X2 LHIF-S HE3H= projection imaging
7|82 IR EHLIS S 20FE 71X UL X-M2| E47t M2 ZL F1 H0[7H 21, E57t ZE= HUX[0M = F2
Z0|7t 7| E0fl O|1HSS & EBotH CiYs S8 ZUE T58 + UCL

X-M FAOA 3AIEOZ CT HEE U= 71H0| 2Ot AWE UX|DE, MAZIOZ AHASHE A= F2 21 HEZ2
5| ECE X-H FHOIM 422 A0l= IX| YS 4 7| IR0l phase contrast 7|HS E85h= 20| YHHE0|H,
IE, A2, M3E S8 o7 ZEsict 1um 3B 0|20 X3 X2 37|9| 7SS ZH=Ct LIop QR0 28517
&t Ha 7|H0| SF S U UARZIIE7|LA0A O|R0{X| 1 QUCE OF2fO| IS RY XS0 25 FHOICH.

(A) Pacile et al., J. Synchrotron Ridiat. 25(2018)
1460-1466

(A) transaxial, coronal and sagittal view of the
excised breast and (B) 3D rendered image of
the same breast. The parenchymal distortion
and speculations are clearly visible along with
the tumor into the skin.

QUR| LH| HAIE: Z5HKIE ot FYO| U= A2 X-42 L0610 LS SUHO2 Mtsk= A7 TY S0 UL
X-H12] B comb likett F2 BY2Z QS JksoHEH 2] YH2Z YA 50 TY FZ 2E8XH2Z YA
FACZM, X|Zoks SHO= HEEC
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A E
BTG FAH7IHTA A}

YARE2 M XA AR 718 710 L=, YA 7|E AHA|E Of0 RXIRA B2 A 2SI ATt MZ0| JHEE=
YAZE S0 R0 25t AT YARZ Het2l(beamline)S GASH= FAYE HaL QUL

2 EAI 2t F1EeHEH, 20102 01FH0|= R2 GUX|] EAHY FS 0180 2% A0 Ciol AlXt BoS UL
YA YAAX] (critical energyy= 10 keV O[3I411, HetR1Q] Z0J= 30 m £FO0IACH XM OL{X|7H ROMM F2
ZE| A0 CHet oy, DA XM B ES0| THEACL X X2 A= 48 SE2S HY2=E O

HIzeAl7|0f 28t A2 2 B3RS Aol 2 XM 0|LX|Z 0|&¢t 2t A7+ A== UL 0f2{gh L3 AA0L{X]|7t 20
keV O|&C= Ofek2 17} 7SRt J8iLt, 7|9 YiZ2l= E8e 27|17t HM MR P42l Ho| EX| 4UCt 0|1
HRI517| 6l TH3-AIZS} (monochromator—collimator) ZHES Al2617LE HXIZHIA (grating interferometry)S
ALl IYAL EUE Iistch= YOl JHY AU

2010 RHE 22| S ARSSH A XM FYO0| ZHSIEQIC. LA OLIX= BA 2ot £2 £Z0/A1010 keV),
Ol Zo| F71= A0t AYA S &S0| 7FSUCE. T MECE Qo FHQ S &S A AYA Y2 =
7490 O FZC.

I O LA QAMLX|ZE 20 keV O[42! Z2(E HROZ AESH 21 #2Il(long beamline)O|C &2tQ19] ZI0|7}
100 m O|A40|C}, BI2to10] ZI0|7 ZH A|Z0]| ZAFSHE ©10| 3715 7|2 4= ULt 2|1, AIE Mk MElE 117} QCt
Y E4O% = 2 ZOH MNZ AIES YR o 9|8 A7} 7hS5ITt. HHAQI AIMES 53 YWARETI47|9| of8tga
8i2}21(Imaging and Medical Beamline)O|C}. $iX A8 SE0]| LSt XM G4 U X|2 HLE Salf A H7E L] T
Z0|H, 0| EMNZ O|5t A5 Y&t 517t WXL - =511 UL

A Z0ll= 4GSR Xt o) 71 220l E= AAZE HAZIUCH BRA O AAOLX|7L 20 keV O[H0|22 25t
A7t 7kSSICt. Of2] 74X HHO| U=, F3C| 27|7t ROt ZEC| At Fat 8S0] 7kssta, 21 Yatelol2t Az
ARl 9o 3717k 30k O A A1 ESRFL] BM5 |22 MESH LS &7| MA| 43t 0|5 st 1FE| =X
FAMS U= HHHS HIAGH F2S BIITH (Walsh, C. L. et al. Imaging intact human organs with local resolution of

cellular structures using hierarchical phase—contrast tomography. Nat Methods 18, (2021)).

ESRFO| BMS5 21912 D18 219102 OFgH=E, 0] 21010 Z0j= 220 moj OJ2Ct. YUORZLE| NZTIXIQ] SIRK=
17004 OJE{0|Z, O] QIXIOIAQ] 0] T7]= = B0 = 30 cm O[T, ABJ5{X|= Z0]7} 40 m O[T, 22 2SS AJRHOH,
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Ciget 50| AMSS HBIRIA B4 S42 Tiofatn ULk AR HAIS 221 1 HYY 4 U M8 ARt YT
ofiFoIct.

I YARBZIE719] HAIUXZE H2 AE0E #1221S MM Xt HUXIS F0110 B2 SAE XHS YiLkoluxt .
2L, /IZE A2 FRE 3717F AN FY2 | £3HE HCh TSk el 97IS B YARETIS7| 7120|
LHSITN & A2 AAULIXIZE 20 keV O[EQ YAFES YAt 2= Q| HIRUCE 72| 3717t 20t B4
4oLt AR S A7 EAL |LR|0f EHH[25H | R, F2 KX HABS AEoIH2tE 1At 227t Bf o Lol
Jo| 22 BOZa|X| =0t 22| 4GSR 2fskE W0l ZE0 12fal & 2t EA ZFO0|2} ol

(21) R 4GSR YARZ7IS7|2] 21 Hafol offt
Erd i
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Part 2. HILiX| 20F

GILAX] 20K S BARETIS)| EE
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SEOew AATHS S} W

OH
10

L=

P

YARZT7IS7 1= HAE D0IUXIZ 7146 LM X-H FA)S H= FRIZ X-H SN 01F0f RS £ UAH
DFEO| S AN XSMA| LARIX| 2 SX|Q| T2 SES LOfF 4= U= 7t $01F0|241 = 4= ULt 53] K|
EO0I0lIAE E2 ORI X-41 0| 7k5510] ZI8HE Ol|LAR| A R X FX| (O|XHHX], ARHK|, 2 MY ) /HLS
flofl EHHQI L= 20N ojL= J0i 2SS S HAHUS, At £E0 712 EM0|L 82X XS 48 S8 +
QU0 XEMICH O|LAX] AXH ZHE O 7 =20] 2 = ULk

= ZoAE YARBZIS7 |7} OIRFIXIS BIRS! OILAX] ZOFOIA OfEA 2E&I1 U=A| MM IX} BT

1.YAR7IS7|E 288 OIRFHX| A1 247[&

7129 O|XFHX[0] HISIH OUX] ot a0 1EH S48 J1% 2|§0|28X|(Li-ion Battery, LIB)= £HE A3
HAZ17I12 HIRSH M7 [XSKHt LIHSNUHRIE MYS A8 HILX| XME FXI(Energy Storage System, ESS)2 2
A& U

LIBE 0f2] # STAI7|1L YHA7|= A0| 7Hsolct. L= S H| ZSLIUE 2|F01=20] HoiAS M S22 0|58
2 SYTZE 012 339 &2 MO0 = SH0| =1, SIS S0 AH 2F0[20] O Y502
OISt TX|7t ZtSoHA ECE YS0M 2IE0[20] St Al 2HY Mele= YEA| Hol7t S8 JHE /A =
UO{0F S}, 71 T20)| YEHOZE= TOIZS LeFE0| AEEHD, 5= 2= 250122 Hfed 20| +12 S4712 S0
F2 AL U2

LIBOI 452 3 74 2401 4= U 33 AXH MBI OJ5101 ZHECE, HAZEHCH 57|18 HIS0| ARI2 HOfoHs
T 30| AP FXI| 501 B 2 Y ELH. WA LIB A0 YT 83 ARS| WS S, TR K 22,
28 HI7ALIES 2 F3/REHE 22 S2 0/35Hs 20| S SR3ITH 0[213t 2SS 6| 0l3H5I0) 71Z0) ATHS Thitstn
MATHE 57| 9501 LSt 247168 283 o177} RIGED UL,

Sl F2 MEEE BA47[22 OIXTAIQ HHE SHOIL Y Ei= V(818 HSS YOl 20| ZA6IIA of= M=
228 22loiM EXoks ex-situ ZMEOICE &, TXIE Zolfolt] Y= I S5 AME Sl+oi0] AHS TS UCH

Ol213t ex-situ EAOR FT AXL HIISHE} HSS UOTN= ANBS TH B 4k QUL ex-situ 2AYS ASaIH,
32 SI4610 $71= THOIA 0| QBEALL HIZISIR ¥HS, F SR0|LEAAY} HISEH= S K| 4 BIlS SuiE
2 IC Tf2bM AKIZ F7|513t ¥S0| UOILED QUi B2 ATO| MBS K TI5H| UM HEA] AAZKin-situ)
SA7I#S HSSI0{0F BTk 0] 2A7IHS ASSHR HIHKOR A2 FHI7 &7 QX0 ThE E HCh AN 24|
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Z SHL7HYARE X-4 2447]40[CH2E 1].

SAE X-AE 0123t AAIZH EATIHS AISSIR! AIRO| & o a0 O3t 18l YIS GIAXOR ZHe + U7,
RT0IA UOILK= WSS AR Lo B2 AIZH SOt ZXHSHT HI27 OjLIS Mo FYS 52 YUTS MEs
BEY 4 UL

YA X-4 BATIMOR 12 Mo H7ISteE U EH AS| Chet 20| U OJ3E HIEIOR 53 MEL FK| A%
S B2 FX| A2, FX|| A5 SUNTI= SO SAIE0l S & 4 QT
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Combination of multiple in situ/operando X-ray techniques
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AEoll e XIS X-H0] Efot0] X-H LSS £°Yol0{0f 67| W20l HZES cell®] HAH 7t BQ0HH, HAME X-H
HHIZE A2 7ksolt YHO| H|0|HE 2S017| Hsii= 23Tt X-H0| LY &= 71457|5 880l 20| R80ILt.

(a)

point detector

(agy)

(a) 2D X-ray diffraction (XRD) &8 2AIE.

(b) X-ray absorption spectroscopy (XAS) £H
22| Y o] FH.1]
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5) [6] Special issue on Synchrotron— and FEL-based X-ray Methods for Battery Studies
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