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AAE 9t Wkl T, XA BAY 23 2E7) AN A% 19T =98
93, oleF wHo YBOE MU PABIE] (GSRF BAHOE FHH)
AAFskgTh 3GSRY A% AAY Aol AFAIHE B AAFAE Fol Bee)

3=  (brightness)& 3H7|Ho 2 JAdste WARE AEEA, Hl=, fdH, dES
FTAOE 19909 Z=nt d
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3GSRoI A= EF2] PLS-IIo] 36702 ®Hzeles &9 T AP 2ol Ao F4
Mo HEels 98 4+ Jd=d, AAFeRE FFe EA7IHES 7HA= HEkelo]

S ZART olHF AFoIA 7 WAL B BAY BA

wAEI BAYSY AME Rz Fdd o |
Baslgoe olgxst Teay] Webdl AU, A58 5L high throughput
BRsEsA AT £2S ZTHE BT 02 Aol 2d B0 glolA
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Nz B8 g3d A4S =28 U 9 BA7%E ATe Fpsrs @k
ol F wHOF QF ZylolE XA A BEAIY (XRD)E HEHJH B4 %ol
vz o s J|MEE RRED, THs gh o So], &7 XA e (small

angle X-ray scattering), =37 YA &£Zb XA Abgd (grazing incidence X-ray
scattering), A2 X-Al 4Fgh (coherent X-ray scattering), {44 3]A G (coherent
diffraction imaging), 3% X-4 4t (resonant X-ray scattering), T¥d AA Tt
(protein crystallography), Alial X-A 4Feh (time-resolved X-ray scattering), &2
3] (powder diffraction), X-A ®HALE =4 (X-ray reflectivity measurement), X-41
&3 #3371 (X-ray correlation spectroscopy), X-Al ©@5&#<% (X-ray tomography) &
gefetal AE2Ql E471Hez JfEEo] 4 ZokdllA B2 FEECFE AR
ad AA7E SrhskH A TR sk QT

FAAREZ A7 (PES)Y A%, 71EZFHA 3g)
(electronic spectroscopy for chemical analysis) 7% Qo=
(angle-resolved PES), =¥ % Zp&e] JHAAEF (spin- and angle-resolved PES),
FA719F FHAHEF (near ambient X-ray PES), Lol %] 3 A3 (high-energy
PES), A #dAE% WA  (scanning photoelectron microscopy), FAAF WA
dr]7Z  (photoemission electron microscopy) ToE  EHEH g FE0
o] FO XAl Q. o] T ThFe WEkld EA7IE e o

Fde JNEE Fde MY/ AAYA, HeRldA e A Eilse FA

S
flo
—o
’
o I
i
O:

Az o] Aol AR wiEolth o7]d Hall HE7] AAe &&o| Folxa, 2x4d
7%, O8] ZE I

HAZE7] (detector) = 7NLEHSNS™, noise AAH, A& A=
7l& ol MdEel ARG AT ZeSs FUAHH 3, doX HolHE

slasts Belgsty ol g, 53] MAWA Szl ulg HopAA, A olE e} o Ee)

Aoz AHE e AFAHTE 83| o Aot

e

olgjgt A}, A olor|g HIEARE o}
e, B9 A9 e a4 fRe E
27 FEol wEs A A de 77, A deY] =vQle] 2ok FA4de
T, gate oxide =&9 X% =
M, 38 A, 2P &4 i, 98d 2 AT, 45 mlelaR F2 vk A7)

=
QA 2Ale] B4 79, Bolo] YR F& AAE R A 7, Y wole
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AgolMel Y EZo g3 % ulo]e AR I FE T YkEFAo T
T, 45 WF 729 944 2 2 4% 5 v gdsta w838 A FAE
BAstE o &893 k. U 3GSR¢! PLS-I19] 7%, 20199 %] °F 6,000 ™ <
o190 1,600 HAS 33, =% o H IF7} 7.7 AE HE= =55 5609 A
LRI 4=

3GSRe] ¢ HAW] o|w|E 2 (emittance)”} 5~10 nm-rad®|™, YAIZE AlE-3}<
A= FHhe 3= (brightness)’t A7 SHAYH FYUY duUAE 9

G FoF 5ol F= WEIY exit slit XN FHEYFO T F7

9 pm o]Folth. 9, nano-probe 7'M o] A goM e XA ArE FAA (F¢

< 74 U=rHE JE) i dFdlor ste e TS B

< Atk 2FRF 7M7) Vs Exo g FdY AV|e HIES

3GSR ©WiH| 1008 o]’ ZA st 44t ARG F9 (AGSR) 7Iwo] HZ FAHUG

©] 4§+ nano-probe?] virtual sourceZ AM&-E = exit slite] =717} 4 ~10 ymeo| 2}

rr
=
SN

stoiete, A Fdo]l Gowd glo] S0l FoEA ARAdAY Y] (flux)e
3GSR ©i®l 100M] o] AAA vk FH, FLe] A77F FA7] wEel, Auts
(coherence) TS 4] v} o] FolX|A HT}. o]2d FH-2 A, 3GSRAA = FH <
A717F BEIY A 7)1HI sub-micrometer 2 FHEI Sy AP,
coherenceE Z-83t= AP7|Hol M AZE FAE AFst= A7IZ7F I F,
3GSRo|A 9] X-A &4 7o AR gddes AUE FASHEAE, B EokdAe
O dxdd 348 de XA 7He A & 5 A Bk o] Y dAHeR
aAURAA e X-AAes AT Fe FHOE V|EY VHEE BAYe 3¢ F

=
Fordoh B inssitu Aol ThedlAaL, 22 insitu A@olE} stTiEtE WE AZE
F712 "a7 3le insitu A¥o] 7bs3a, ZHE nanoscopy, near ambient high
energy PES, resonant X-ray scattering, nano-probe, small-size protein crystallography

5o Bopl A AAYe] B4 Aolm o] A% F@e o] YAt

= ©H

o3t ol 4= A AA MUY WABIIE7]S0] 4GSRE Y] AS5IANS A st
Aoew, MEZF 4GSR A= ££&3] Yehuhal vk 3GSRY 4GSRE | 542
n)=e] APS-U, ALS-U, ¥9¥9 Spring-8 I, 2$29 SLS-2, 9+ Diamond-II,
Zg2~9] SOLEIL-I, f¥ A% ESRF-EBS, &Y< PETRA-IV, olggo}2] ELETTRA
2.00] o, A5 AMste X2 29 MAXIV, BHepAe] SIRIUS, =19 HEPS,
YR o] SLit] 5] UTh

rr r& ru°
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S-2uete] 7§ 3GSRY PLSOIA 19940 A ARG X-Ado] w5t o m, 19951
XRD$} PES 2709 HghlelA X-A& &8&3tr7] A&y en, 20119 PLSIIEZ A%
4=tk PLS-II= 3GSR AAZ 58 nm-rade] ©lF|®H 2 (emittance)E 7141,
3GeV, 400mA2S] HAW EAS 7FA Uth o™l PLS/PLS-II+= 2709 H 2kl A
A XAde A= A 2593 FEH = A¥eoln, PLSIIE 7HAAL ko= 10,

205 AUA Bod, Age desd dAES FAst AT, A AAE dHde=
= A

O

e XA BEASHOgAE HAHE Aew oaHEt o8 A 4GSR A S
Z1gsta e, AVIASE i =2 5 JARE FH™sioha A, FAo
5 423 XA 7Y Ve 9 AVe A FEES b’ e R 3hE 4SGRS
T3 A AAY B4 AANA HE AAT F & o AddHAY FAY
JAe EAES ngoz g #3 & EofidAe 4% AFAY =BT
ofye}, AgA #H &A|, &£A AT B2 &&o] gdEn. o F Eof, 14y
A& ol &S FA &AL, AAlY HIAHF, v R TR B, XA
FFEA 2 dArE AAE o] &% WiHY &AAe A AHo wWE AEY Z#
Al Aksl7E W3t AT, TR A7 5 B3 AAY de %A 24
o AFE 5 A AE 2 OFd A &8 7137 Fod Aot
R, AdA 8 tEEe AsE 2 GEHIE ofda trekdt 9171 dE S
Alzol7] wiZel, ¥3t= HeolHE dAY A2 HolEHE ®EAME 7IEo] o
Aol A HAGA AlE tiH] oHe Aert ged, As7hA BRHTE 4 Tleg e
o]# gt 4tdA AlFo] gt Ao AFAHE FE3] TR = FHE, HT 59
AAA &8 dgrt g48HA solval Ao 3k, 71 PLS-IIO A-p, AlEolA 9
X-Ao] tightdhAl JEEA Fote HAY, A7I7F F53 Fdolox 7hedh £4 &9
g8d & Atk ol 1YW, PLSIISF 4GSR#F}S] 98 RIS T 4 Qe
olo]tolE EEsta, olE AR AAYHol oA Jie Wl AAY AIE
Al A MAFoZH, I ©e ol&AdA WA XA EAMe JIE
FA A Yriop & Aotk FE PAL-XFEL (X-A AFAAE 1A, 44t Ad
WAL 7)) AEIEETE V] A A

Hog s 4 WEZ (59 AL Z& 7HA
pump & probe AFE T £ e vl AW AMAZFHY AAHo 4T
ZA| o]t

ol

PAL-XFEL®] ®ek) &3 ZF =9 4GSR 104 d3
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PLS-II19} 4GSR A9 4% ATEA(QN), 18l 4GSRe ©
Zg3tr] fal Atetes ekl ZIH 2@ W] #E R
OES BAY A= 4GSR W] FHo R I7F AAY Fel 71dErIE 7Rt

1.1.2 WA IIS 7|

A WA 4GSR (AT 28 BARIIEINEN MAXIVIE ABHoR $de AR
& HeHow

F I FHE °]9 SIRIUS (E&td)9} ESRF-EBS (Z&@ )7 HE 273
APt Ak 2 4GSR AA ZRAEZ APS-U(WS), ALS-U (v]=) Fo] 7]|&
3GSR (BAlt] WARZ7FE7])S AGSRZ Jadel=8 F3sta 9lom, HEPS ($3)
5 MEE 4GSR dAs s Jdvk. T fol:= B 3GSRe] 4GSR=E
Aadol=E AYsta, MES 4GSR ZEAHEZE 93 A7) s APFHa e
AR ool E AR 4GSR TEFS 9% AAVE AT

iy

4GSR W E4AF WM (dispersion bump)E 7K & Aol 779 #FAAS 1E g
Hybrid 7BA AAT2E, 45+ B S7HA717]1 98l 3GSR A&"AAE & Ag-
FUY FHF AV WEUE e AR, IWF A W e FAA,

2

reverse JAA JNE S

TRAME AgE AFE Ao 7dd 5 Uk

Meplol A BAZS] thEd AesAE F stue % (brightness)o|th. =&
Fol7l AsiAE AZRD A A duidzs Hzssta JARE Adssie A&
HEE Poh <T" 1121>004 HXo] oEX 34d el wAHoRE AAHE
Zbra glom, WHFE 3GSR AGPAAY H FFQ 400 mAS HEZ 3o,
10~30 keV FAWolA= Al Hiel AAHE Zb3, 100 keV ©]F 7hA] A&
Agstel =ule] ARG o] &ATE AAA XA FAN S ATde ¢ dES
.

T AEE ASH Jles &t AAE NIt Aol FH ot ol Hdl
HEd SHAAMAE o] e d7= HAE adE FEs #dyg Ao H9
AT S S FrRSt, AR FHAAE off-axis injection & FTw3| AFH
Zles F78H
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FAR7HEZ1E, 4ol e Wl A7 2dEx ASE JleE AA 9 753k
JHE LA o] &AANA We A e Ae F

A7l B3l IeA AI3HorE F T 71 PARETEEZI]L PLS-II9)
PAL-XFEL®] S&Ed<s siAl 7o, 45 AUAE Shetste] 9] AR

ol gxe] e 87AE TE3 AW F A= WA= AddTh

1w BEE;E‘{_LII « DBA
o o« TG+LG
« SE+AB+LG
s SE+AB+TGH+LG
i =3 « SB+AB+TG
= 10 e SB+TG+LG
= ‘ « AB+TG+LG
g suT-y
. | = .
= ALS-U B
:_": 1w’ i ) sLg-2 H""E:_w
F ‘Goleil KEK-LS "-.
& e PAL-3GSR H"f'.".?“
y Diamand-Ii k.
10 ESRF-EBS
‘I
I'{nma:d-GSﬁ'-,_
i L.G.F._tsr-u
10" - s .
150 200 300 S00 700 1000
circomference {m)
<TO8 1.121> 4M0f A ghapd TS| MR Zo mEs s X MEFQ

>
=2 M52 o =c} (By Dr. Hwang, BESSY-Il, Germany)

* 1-6 *



1.2 A4 o<

121 BAE7157| 24 5=

25

OledEls T=HIE & UM HARZOIEXAH =StizlEl 5= MSdH|
?ISHH 10~30 keV Of|LHX| SHOM= MA =19 FAHS Foisty,

DOEX] ol TSt OI&AF +2& SF I8 100keVIHA| 7FSES 27
4GeV O|AXIOME Crfot HYUFKIS 28510 1NoHX| FFe| &g X7 7ts

r

rdo
Lay

22 OofojEHA, 2|, BIE2Pd d(instalility), 2= (Touschek lifetime) &

Ne47tst CiYot QA4S HAESHO 7+ Fgtor "o X|E MEstn

71 2QEH[(EZE 3MICH  4MCHXFEL)RE 7HEE ZeUbstr THIE

XHEdSHO] 2FTHAIOM A= EREQl 2HO0| 75 = UEE A S5HH

7|E THlet AR EE st MAIE S5l 228 X|/0| 7IsES A
=]

n

- 3ME REPLS-) - HOHXIE =50l 10 kev ECH H2 O X|0|A<

S A=F A5, Te UX|el Y MIoHo] MTEM Al 2E
HES AT 24

CrEX SAEZIE7] 0 10~30 kev & BA R 100 kev 04X & Bx-H S0
dYHS =5 2

B2 olx}

o TXHEl OHX| : 4 Gev (AR |HH T . 2 800 m)
Jb&xk| o DA ODIEZ : 100 pmerad OlSF (HEEA : 58 pmerad)
— O « Hlg}o| - 7| O|AlF (AFOIXEX| EIZ}IO| - 7
M AOF Ell'|_4o| |O(t:|l:|o|l:l|'|_28|)
2A4 MY . JSlaad D mHxE OFE 214 4 Gev EAH
o XZ2l : MBA (HMBA) 7|5t 7BA T XA Hi
Hxjul o Xt OfOjEHA - ®AHE! o X[ ME=0| B
EES . H(RF power) : X O X|2] 4K &=0f H|z

E
Z = (magnetic Field gradient) : X8l O X|0f H|2
& O (keV) : TAFY Ol 4X|Q| HZof HIZ|

rapNL-l! - 9 MEY B (¥ 800 mE JIELE IFHSI= 10~30 keV OfHX|
of| A X| of] FAoME =2 oK M =A (6 GeV)ELH 2 OHX| =AH (4 GeV)
M2 ZXpH OlM EXE 450 S ol
= * ASHOIE FI= : 4 GeV > 6 GeV (~30 keV) / HUTX| $7] : 4 GeV > 6 GeV (~27 keV)
oo * FHHIE T ;4 GeV > 6 GeV (~80 keV) / FLHIE BT : 4 GeV > 6 GeV (~50 keV)
o HHHYE FH LO|x2Z-2E )0 2ot 8o aasFrY
© 4N AEYANZIEET|E YOO|EATE 7|EO| MO AFYAZIIET(0| H|SHO]
1008 Ol ZE0{S50] BE0HHH(beam Instability)] Fe0| HX2ZZ 0|0 CHst
1q7F HtEAl Hagt
HIOF™HM . HMF2M ZQ3 HY = P H(orbit stability)y= ZOL4X] ECH= QE LO|=0j
=2 ggs won|, YWo|HX|7t ZOtX|H XMEED =220 FESH(heat load)7t
S7tot0] HX|dZ IbgofA HHE HEEE Mg = /g
o 2 W82 135t0] 7|E PLS-IIOM ARE3t= HICHED FA|SI e AHE
HIE o2 Hordd ey WS &5t 0| X8
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AT B HAZIHS7|9
3717k A Ao JHtE

"2 3MEHo BISto] & ofofE A7t o |

T & Xl HEy Intra Beam Scattering* 7|4t
400 .:Zéziﬂz'i aon" cot‘xplin;;:{()"/uI RS
bunch length : 16.1 mm
3| CH ,
HEIJ—I—r 200 E:ZOD ) :
4A‘|||:H £ o 5 o I-
Flat &2 > AN Ik
AlZ2 0] gor ; e
Alj e ED 50 . ! - ‘;
Exl_uﬂlgl 600 -400 -200 K(:m) 200 400 600 1 -SRI S A
HEH
AT S == ul g 3
té!jl_l— ol %12«:: ¥
AM|TH _ 1N . e
Round £’ g [\ . [
29| i e =
Al=2 0] wol s
M ool >
* (um) 1520 25 30 35 40 45 50 55 60 65 70 75 80
#HX| ™S 3 of|qX[of mE
74 2 01|D|E|_'1ﬁ7f 7£|I'o|' télAl'O|57|' 0”|:||E-|/I\_ |:|:|-'-j|,< |I:IE_"0|A1 7:l—||.
= = ZO|S Roundf! MM 7ts o= B2 AME L=
20, 0 oo “Ie 3.5~4 GeV %A
AL OLHX] : 02 GeV / Y= 04X : 4 GeV (&2 : 756.86 m)
H M2 <2 mA
BAEQ| 2|™ AlZh: 252 s
8 DI} IR - 499.879 MHz
Hl HtEE : 2 Hz
|0]EiA(Natural emittance) : 6.906 nm
LA 71”4702 27 WX Z ALESH= 4 bump YA 7|
&0 He 2o ot™st %@.(dynamlc aperture)2 ZRZ IO, 4M|CH
XE A% WAFIILIO e W BN 4 X2 goS F=| st
LA K| 2] Mg YARIel 22 HE|E =0|&= 40| Ead
co S8 OO0|EHA ;7 nm / 27 o1|n|E+A £ 0.7 nm
oL X|] 24t (RMS energy spread) : 0.1 %
HMX| Z0| (RMS bunch length) : 20 ps
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ox

M&EE #& : Multi-Bend Achromat (MBA) #+Z (hybrid 7BA type)
7|FCQ| 3MICH HARETET[= 1702 Ao 270 E& 3702 EXAMZ 2
TXROIAM  4Mtf ™ HARETIET|= 4 OZIO0FHe Y2
O0jHAE 27| RISt 6~77H2| XM (O|F TAAHZ HiX|DE #=
B2 gxtdoz EQHESHEl glof MY SYstE Hekstr| 5t of
Hel Zot MZIe At= B |3 MAAM S A HiX|=
HUYK| Cell 5= : 287 (super periodic cell)

g x|

M HupErr

oot

g HE Mo - ® ANO|F FAM)S DLIEH B HFO| 49
SN, 8 HE Mo E fI2 S5 HAM S HiXlg

<EY 14 Lol HEE>

x|
el

-1
HI

Brilliance

3MICHet
4M|CH
s

ghAtEo|
H| 2

s s 148 W)

[PLS-1I2F2| 2|&= H|W]

IVU @ 8000 eV EPU @ 200 eV Bending magnet @ 10000 eV

PLS-Il 4GSR Lattice PLS-II 4GSR Lattice PLSHII 4GSR Lattice




<E 1.22.1> =4 LAEIIEY] Hlw

3MCH EARZIHS T

CHEE WAL 7S

4M|cy M

_Pl aA T HEALZ 7} T

, AM=BEA ~ C ubALZ T

(PLS-II) (85, 30~) (@MicH 2 LA (PAL-XFEL)
126,800m*(38,3579)/ A 69,400m 126,620m*(36,488%)/

187115 45,358m’(13,721%H)

(20,994H)

9IS 36,764m(11,121%L)

P AME7157] < 9 20m

»715EHK| : 1,030m

Z|CH 407
|

(R atel 2071)

(RIEX| 2LI121207] OfLh

(KR garel 287))

 H1E12]  170m Heoh7|

7S N AE - E8 757 504 X| 10GeV

» BOILAXI 3 Gev HANCH =Y Jt5712 :TW%j : %H 800m :é.*o‘gll*gtl(@(;ﬁzo

Hua . so osiem | MswiaE s | oHE A e gnexdzo,

55 5 00ma OIBIR= & 100pm | gjojEi~ ; s8pm +8 Bt 9l : o] gom

»OI0IE =+ 5.8nm (A X)) ZAxM 27|, elxM 17|
407 OJLy 407| oOf4t

Z 57

Ef 2| 100 Hy

3MITHSl ©f 1008

3MICHS| 100~1,000HH

3MITHel 1< B

= mIA0"HE

HE@10)E

=8 Lt (107)m

He MM BX-HNHK| E2

[}
o2
h

o [ =3
AHED),
ZEHYE, S

mot, ook
Hr L riok
ox

12 nx
o

O[2XI50| FEI2 XRD,
XAFS ZOF XX x|

= =F\]

rm-y
% rot

rx
s
End-
Lg
Ta
(0)a]

4> o
rn o
nZ
Eg_l-
o

g
%
B
o[
oz
o
re
I

=
Hu
Ho
5
rgg
E

- ALl AEoflM AiA|

Z[o| QFYEo} F5HSHIS

- ismesE X
- #fiel XHAA

SAlsto] Aot
Ha
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123 SAHE7I57| 8 TichH|E

7t. gt nt2tHEl (General Parameter)
<E 123.1> ct=x dAp2otSo] gk o2t e
7 E %
Energy / GeV 4
Symmetry / Sub-Symmetry 28
Straight Sections: No & Length / m 28 / 6.5
Ring Circumference / m 798.8
# Dipole Magnets 28 * 7 =196
Nat. Emittance / prad m 58

regular hor/ver @ coupling

55 /6 @ 10 %

IBS(400mA) hor/ver @ coupling

76 /8 @ 10 %

Diffraction limited source for

A > 1.7/ 0365 nm

Energy spread

1.20E-03

Bunch Length s; / ps

10.68 (without HC) / 53.40 (with HC)

Lt. 1 Fu} oi2fHEl (RF Parameter) S

<¥ 1.232> 1Fut uf2fo|Ef

3 E %
RF frequency / MHz 499.877
# cavities / total Voltage 3 xnc/ 35 MV (1.8 MV max)
# buckets: total / gap 1332 / 267
Harmonic RF system 3, passive, sc, 800 kV
Average current / mA 400
Lifetime / h 454 (flat) / 8.81 (round)
Top up operation yes

Injection scheme

4 Kicker bump

Beam pipe (in achrom.) / mm?

D: 24(H)*20(V) @ Straight Section

max. bending magnet field / T 2
max. quadrupole grad. T/m 56
max. sextupole strength T/m? 1844

max. octupole strength T/m’

* 1-11



C}. &2 AXIRXE (Lattice) It2H|E}

<I 1233> M2

AR 7z mfajo ef

38 2
Super / Anti / TrG / LG bend yes / yes / yes /yes
Momentum Compaction ac 7.86E-05
Tune ny / ny 67.44 / 2317

Damping times tc / t, / t, / ms

1.1/ 211 /193

Nat. Chromaticity xx / xy

1.474358974

Syn. Rad. Integrals I,

i, = 006 m, |, = 02m8" ,
5 = 002 m?, Iy = -025 m”
s = 1.33x10° m™’

25

I Y I ¥ I

= Quadrupole
= Transverse
Anti-Band

20

15

» Longiudinal Gradient Bending Magnet
Center Bend

= Sextupole + Slow Correcior
w Fast-slow Correctar

+ Fast-slow Monitar

_» Slow Monitor

Gradient Magnet i

£ 10 0.05
=
e
nﬁ
5
0.00
5 e N i Ll e ]
L = = :
|]‘ II Y |I *Il
-5 . 1 . L 1 1 ; 1 1 005
0 5 10 15 20 25
s (m)

<a%l 1.23.1> st deo| =2} MofA{e| Twiss Parameter

* 1-12 *
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ot EXtA nl2tMEl (Radiation Parameter : Bends)
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Of. 7|A (Engineering)

npolaZwE 7] @ v=rE A7)9 A% FES UARRS ol&ste WA
7beste Ad71Edd MEMSE 8%/ €Wa #AE 3
gtk MEMS 79k Zlee FE35 SUlAl ubg, mloja® 7)o
npolA 2 AA, mpolaR HFoolH, AW F3 FF Foll Fo& L4F AHEHL
Jom, AU 39 A7ee g 82 F AUtk

S o
o FF, $FBYU FHERF A7

o AN BHNM BYSHE AY L olPIH 2AE 5 FABY

o OHE =M Ldst=s S7to| 83

FEAT0A LMt S

482 JAxd g0l FIa3t HEF
LaminographyE O|&%} imaginge &3l 2%
ZAsES AYNoz BE, FNY 4 ULk

X B. Kondori et al, Acta Materialia 155, 80(2018)

o XAY Lt /0r0|AR 7|AHSEZEo X ZE
12z XxME 0|83t0f Ol0|2E YU Ltk 37|o| BE 9 AXE HE
X EE HIARTIS Y| 9D izt
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Hi, &4, X|atel, SESE2| S (Environment, earth sciences, nuclear physics. etc)

AR, F4 BF L AT AP 59 AP BegA AYES olHF] AAME

AT WR P2 B8 246 B ok Bast Besit A7 yre 1e,

nSte] G B7ol7] WEo] ATRE T2} HeH 2] BM olshEr) AshHE
0 SE BFeIM BA 8 BA TEE 2AY Baot Aok WAREE

o 3, 1 A7 oA BAS BAs] A4 BAF Asr)E Aelo)

# 28 ATE 15T o JNArh ¥, 949 YRrE 5 ¥l 49

R

=
A8 293 AL olHsE Au Y4B ) ATE A3 A8
=
e A%, Be 999 ouA 2NERS HAE PABe] 54 o))

Ak A, AT WE=ZEe Aol W A9 HEe AT
S8 Aoz 7|Udi.
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2.1.3 ol2] 4GSR *+% U 3GSRQ| MS 7| &3 ol 2R HO}

2 e "WALE A LS emittanceE U0 2 A H X A9
E8S 7+ 2AHd g HAFI AHAd™, olyd wWox Ao 3GSRES
bejul =

W= glom, At 4GSRE dAste A= ddh of e A

AANA o] F ]R3l Y= 4GSR Al A T2 3GSR Jadeols Z2AEE A3
Ao},

<E 213.1> MA 4M] Y LAIEIIST| FE FE HE

A A=)
7= 7157138 oilx | xR = ofjojEa o2
(GeV) (m) (nmrad)
AQYE MAX-IV 3 528 033 (0.25) 169 7tE AR
== =
Hal& SIRIUS 3 5184 027 (,Zojl 5%301@)
J= S HEPS 6 13604 0059 (251 ohz o)
== =
2= SLT- 3 354 033 cz4L:|;L ok o)
EH= SPSHII 3 3213 0% A2 5
1L JEM A @
0= APS-U 76 1,104 31— 0042 (ggiza@néaetﬁ%l 34%)
Of= ALS-U 2 196.8 2 — 007 184 JHEMA =
L= SPring-8 I 8 > 6 1,436 24 — 0149 143 JEEA 2tz
Rl [EPS] Q
AQIA SIS-2 24 2904 5-013 ('_12913247% E'éaetﬁslr 31%
M , 194 JHEAA etE
S5 &= Diamond-Il 3 - 35 561.6 28 — 0125 (’25426% ﬁ%ﬁ%' o)
EPS! =
T2 SOLEL |l 275 3531 37 = 0072 eI S
Q0T ESRF-EBS 6 8444 4013 Gl o
= PETRA-IV 6 2,304 1 — 002 194 JWEEA &=
O|El2|O} ELETTRA 2.0 2 2592 7 - 025 19 JHEHA et=
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- 2709 How tkdl MAM (15 GeV, 3 GeV, FEL)S A Yste] tekst v
I3

A9, ARs) 49, trd BRI, @A 2, oHg B¢ A9

- Hd) 26719 WA FF Hesie 209E 71F 167] WEIE 9 Ee 715
<, ek geoF wlekel 770, sl ek Wkl 27, ARAd jEl 772 4 E

101 — RAKFEER 112 = FinEvBaAhe.

T -WPRIE TR - Sl

120 - Nanghidk
104 — DanMAaK
Key
User Cperation
311 - MicraMAK
11 - Niphax
08 - Balder
A0 = Ferbli)
<J% 2.1.32> A8 MAX-IV ®l2lel s X| =
- oA N Y 271(1810~19.7)0] 370 Wetele] WEre AWEL 31 vEhd
4
30 T
0
m I I
0 = ]
Structural biclogy [BiohMAX)  Nano scienge | Nanobdax) Spectroscopy |[HPPIE)
B Submitted proposals | fAccepted proposals B Proposals an waiting list
<33 21.33> 28 MAX-IV =7| QlEete] vy sig
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<FE 21.32> A8E MAX-IV gz2tel A

A xpul N S TEILTTE RS
oy | waey | GUS R SR | =R
2.4~40 keV
Balder | 3 GeV |XAS, XES (100um x 100um, | KW & Swe
focused) universities
MX, MAD, SAD, SSAD, Atomic
. resolution data collection, Large 5~25 keV KAW & Swe
BioMAX 3 GeV sample ensemble screening, In situ (20um x 5um) universities
crystal diffraction
hik?h relsolution angle-resolved
photoelectron spectroscopy (ARPES), 10~1000 eV
Bloch 1.5 GeV|optionally spin resolved (10um x 25um, thr:/i\\//e%it?e\ge
(Spin-ARPES) and core-level VxH)
spectroscopy (CLS)
Time-resolved X-4 scattering,
FemtoMAX | Linac Time-resolved X-# spectroscopies, 1.8~20 keV KAW & Swe
Phase | (FEL) |Time-resolved SAXS, Time-resolved |(0.01Tmm x 0.04mm)| universities
reflectivity
. 4.3~1000 eV Estonia &
FinEstBeAMS | 1.5 GeV |XPS, XAS, PEPICO, TOF (0.02mm x 0.1mm) Finland
110~2000 eV KAW & Swe
HIPPIE 3 GeV |AP-XPS, AP-XAS (50um x 50um) universities
Scanning transmission microscopy
(STXM) with absorption and phase
contrast X-4 fluorescence 5~30 keV KAW & Swe
NanoMAX 3 GeV |microscopy (XRF) Coherent (300nm~30nm, universities
diffraction imaging techniques (CDI) Goal: 10nm)
Ptychography in forward direction
and Bragg geometry
. 275~1000 eV KAW & Swe
Veritas 3 GeV |RIXS (Tgm x 5um) universities
SAXS, BioSAXS, Time resolved SAXS, 4~20 keV
CoSAXS 3 GeV |Micro beam SAXS, Anomalous (100 100 VR
SAXS, XPCS km x 100pum)
High-resolution XPS and XAS,
resonant photoemission (ResPES) 40~1500 eV
FlexPES 1.5 GeV|and angle-resolved valence band (50pum~2mm) VR
spectroscopy (ARPES), electron-ion H
coincidence experiments
LEEM, DF-LEEM, UVPEEM, XPEEM, 30~1200eV
Phase Il | MAXPEEM |1.5 GeV |DF-XPEEM, micro-ARPES, (16pm x 16pm, VR
micro-LEED, XMCD, micro-XAS minimum)
o n . 250~2500 eV
. STXM, Ptychography, Fourier Transform | (25nm, STXM)
SoftiMAX 3 GeV Holography (100nm, Ptycho) VR
(20pum, Fourier)
27~1500 eV
) (5um x 25um, RIXS)
SPECIES  [1.5 GeV|RIXS, NEXAFS, XPS, HP-XPS, XAS (T00um x 100um, VR & KAW
HP-XPS)
Powder X-M diffraction, Full-field
DanMAX | 3 GeV |imaging, absorption, phase and (;5;”35556%/) DeMan?rK/&
diffraction contrast tomography H
Full-field tomography, SWAXS, and 8~25 keV
Phase I ForMAX 3 Gev scanning SWAXS ﬁnaging (10pm~1.5mm) KAW
Macrolrlnolecukl]ar Serr1ial g )
. Crystallography with a wide range 5~30 keV
MicroMAX | 3 GeV | sample dell}(/ery systems, (Tum~10um) NNF

time-resolved studies
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o] B 10719 WARTHETIE 29 ol Vs 7 75 S Y
1171 & ™ A}%PA dstsol # SPring—S(ALH]EH Ago g

o
= Jd7e Qiter 29 2= A4

>200 BLs in 11 Light Sources (10 storage rings and 1 FEL in 10 facilities)

3 sources ™

4 sources T4BLs - SF-UWF_‘“'
A48Ls Dipoles+Undulators " 0. 758ly ;
dlpale; n i n h m ; SI!I.IIHI SETbon
! cadem research com; i i i
General or specific’, EM c SR researc P Diffraction limit
purpose \ 3" generation rings 4th peneration
i g AR 1SE T Ring B linear
[ & mirsumeikanSRC|1996] 13615 L PF{19821396Ls, IPF-AR(1887 1801 e piisentity
TNewSUBARL [ 2000081 2 UVSOR[1983)146Ls, SHISOR(1997)1381s ’3";':3;;1' /.;”:,}'-' *
2 [ - 25 [201E)
! Su sAiA'LSJJ'I“TIIIHI_ Cooperation in the development i new SGeV ring (2023)
| Hichish (2013) 1161 | for new technaology in accelerators,
Budget other baamlines, and detectors, Science &
than central Technolog]r : ACADEMIC budget echnology g. Technology
gu\rernment Human resources Human resources-. oudget
EI'_' : =i 3!———-—-
L Versatile sources | =
" | - ;
" i!g -_ ' W o Lo e colinrenin
L irlq_-ss radiation damage WL ple mandling 1o avisid
Srstandard maihod charmdcals amd Bee ayatema) serkous rediation damage
tww-ml detection systams cf. FEL- maasurement
i st b b Wouzrious insertion devioes before radiation damage}

All-Japan Directors’ Meeting

<12 2134> YE WAIBIISY| 2EY

4 Hudol= 4M AE ARITIESZI(SACLA), 4Ad ¥ WARTESTIE
35@d A SPring-8, 15 GeVe 3Adl WAREZ:7|(New SUBARU)ZE 32 =]

o] Z1zIel B oofdEt dE A B A AAle] AHew Adska glew,
SPring-8°] 73-¢, ‘18 °F 28%7} AtgA 0w F8HI U AFA HHE 647 714,
1378 718k H <)

0

AA A 1,436me] AFHE 77 AE SPring-82 '18d FEHEFY 157774
Z 4239A41(26.8%), FFUELY 682421] = 20034A1(29.3%), & 62337A(27.6%)7}

Aoz 81 YL

% BhRol A2 ZRUEt ATM(FA 1501 B 7.6% MAx HFSu
250H)), WAL S BHEA 70DPM| (B oF WEtel W) S
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<¥ 21.33> A& SPring-8 &N ®E Hetel s
= B g el g8 e
1 TZQEF ZUATA (BL33XY) AEA FEAM dih 24
T AIIXEX
SR 1 i) B8 R K
3 | 4o B BRI (BLOBB2)
4 |7 " |SUNBEAM EXH (BL16B2) 13740] i Fefe, TR T, B4 SAL HAAIY
(o]
5 SUNBEAM &12iaHX| BLI6XY)  |XIE
6 Advanced Softmaterial (BLO3XU)  |AIAKY ZAAA|O|A g2t
o : SETE 24 (MM X|F)
7 Egﬂlggg;lng Science Research |\ Py iti-ayis X-4T diffraction, Powder diffraction, X-1
imaging, Small angle X-A scattering
g | zg |Engineering Science Research Il |2Af 24 meﬂ K=
© < |(BL14B2) * XAFS(X-4 Absorption Fine Structure), X-41 imaging
o , SETE 4 (LA X|Z)
9 Fé]l_%{g;ﬁr)mg Science Research Ill 1.5\ 1 2ic % ﬁ-l dn‘frac‘uon
Hard X-4 photoemission spectroscopy

O SPring-82] SUNBEAM AAAY

OO m G Mo
wyeiem

<J& 2.1.35> SPring-8 SUNBEAM

O SPring-89] =8 ¥ H gkl

%4

-2 AR

A(EYAEE=

©9]), Operando Z73(thst 71,

a2l

D AREAR AR 2A (B Y, d2AA, FulAl) A 24

712 ZgHlollA S7)
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<J&l 2.1.36> SPring-8 =RE} Hz2}el

o

B A9d 2§ 23, 24D 4Y A

- A W o] shle] BMElIN) ARs Tkl stk W=, 2PlER B
crER 3%, 2vED HolFHels, Wk, =au, wdol, JE 9,
HIALE, vlzo] 818, vlzulA] 88, mzHA #ele, ezal
1%, o], DIC

S g ma, daokr|Ed A, LEY, LE/EATE, e, Fe

Hutch 1
WAXDE&GIXD, XR

55N ,'

e — -

Hutch 2

e

= WA"S SAXS

GISAJ(S

sampie»
lug-in sample control system

sample

<% 21.37> SPring-8 AX A Hlz|el

o SPring89] 4G FEUAAE)S AL APEo}

- AEstE XA FF
X-A diffraction), 4~7}

=
=4

Spectroscopy; 7dX-A FHAAHEF)

2 2% (Remote Experiment) AH]2x (XAFS, XRD)

-9

Al &

- BL46XU®| AFAAE AT F7F 52 (2719 A 29
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33 (XAFS; X-41 absorbtion Fine Structure), X- 3|3 (XRD;
ZF X-A AFEH(SAXS; Small-angle X-41 scattering)

AB]2~ (XAFS, XRD, SAXS/USAXS, HAXPES(Hard X-%1 Photoelectron
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<% 2.1.38> SPring-8 A =22 dlzlel

O SPring-8¢] 8 4tY 3 &4& (Hyogo SPring-8 Award)

B 7|7k ZOf | 5|01 H| & (12'9) 1QiH| Efojof
(059, =RE}) (08'd, KAO+P&G) (AD|ER D7)

IAAY

A T dI|& 2| &§0|2 HiE{Z|
' i) (154, WALARK /174, EQE})| (

<32l 2139> & SPring-8 AN &8 Mu}

o dEY WABIIET] F 6719 AlA(SPring-8, New SUBARU, Aichi SR,
SAGA-LS, PF/ PF-AR, AURORA)Z 4H3 &8 F31& 93 €A (PHOTON
BEAM PLATFORM) T4
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65A-Facilities have set up PHOTON BEAM PLATFORM

with government subsidies to Promote Industrial UsES, l i P H D T D‘ N E E A M
by one-dimensional Information service, consultations
standardization and facilities-cooperation Fl L A T F 0 R M
4 Working Group

[DHigh-level Application{GL: JASRI, KEK)

: g kie regional problem LGL: AlchiSR )

pan Resource (GL: Qsaka Univ. )
& Operation (GL: KEK) Mext Generation

3GeV SR Facility

SPring-8/SACLA

New SUBARY. | |AichiSR | ' J.PARC.JRR-3
Univ of I-qragu & | Neutron
[ PFIPF-AR: KX |
. UVSOR

—}Cl‘ :
N ‘| HISOR: PiLFECI'EA ‘ Inst. for Mojecular Science
_‘ | Hiroshima Liniv. Hﬂﬁumﬁ'lﬂm Uni. pahe

<O 21.310> 2 LYARFTIEY] M4 28 HYA

O SPring-89] A5 d&4 710

m U
ofo
M
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i}
ya
)
\t:ru
o
R}
S
to
Me
o)
off

L YR, Fu), AT}, )

Ch Y2 SLIT-)

- QR FEAde] A9 B8 (MAA e thd B AL Aol 7] A F7)

o &g Fof
- (AFsAR71A) FdE 54 7L ARAA, FHiA, Ereolo] # ZEkAE 72 24 T
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SouUrce sirs: BOUNCS SiZe
140 wm = & wi = B pm x & gm
_.—'-FF'J..

S New Multi-Bend-Ach hnnlngy o
-
ri iy MAX IV, SIRIUS, EEHF APS iy e
.,—- = -
: Gain factor
PETRA Il = 2 : PETRA IV
3™ generation SR souree - -~ 4™ generation SR source
1000 pmrad - § F ~10 pmrad
Max. brilliance: =102 = e Wax. Briliance: =105
coherencze: -0.1-1% .'--I..-----. Cohsrence: » 25%
PETRA IV Qualitative step In synchrotron analytics
new multi-bend-achromat (MEA ) technology + In-situ 3D-microscopy on nanometer scale
2.3 km circumference (largest SR source) ‘ prrando hancimaging of
emittance scales as 1/[circumferance

struciure, chamistry
elactronic and magnetic proparties
dynamics on the sub-nanosecond scala

= diffraction limited down lo a wavelength
of 1 A (ultimate storage ring)

Fretian il ihroe)

pags

|-

'

o

ARSI 2te| 45 H|W

<O2121311> =< PETRA IVUAAMICH & 2ALZIEET()2] 3AICH

generation

(sun, winel, water, gas. .,.) Building blocks of lifa
Emriage ' s structure

tbﬂﬂms. h}'dr‘:‘gﬁn. :I fl.lr\l:'[IDF'I

transporn

{sUper-conductng power nes)

ey

\. % electronic, magnetic,  gtructure-based i
. aptical properties rational drug design 4~

(sfructured on nangscale) imtomic scale siruchure & dynamicss

elactronic, magnetic chemisiry, catalysis
i H {from, o \
optical properties Understanding the misEmacopks

alomic length scales)
of nanestruciured  Complexity of Matter -
Tuncilonal materials p t}' kg

lallored mechanical

fo i P rise
;[;L':::rjlrz: : extrems siates of matter Es?fm nlg:mh .Q\ 4 — '-‘
i {sxtramaly small yohumas) ]
~=, I_L matetials dasign L
\:’::*—:« /—// efficiency
; i = earth & environment: (leight-weight structures,
Information matural resourees propulsion, .}
pracessing poliution safaty
SENSOrS Pl
exchange (IRl 0 - _ _ o E:; .
SIDFEQEI = — fmmzza i Remmee i | s et | ek B s ’;-_.
<J2121312> 5 PETRA VUMD *E HAIZIIE7()e] 7| &8 2ot
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ey

PETRA IV

Bright, Tailored X-Rays

)

=~ A

3D imaging on all length scales;

Image hierarchical structures

from atamis

resolution gain

5x-10x

' Saenstvity gain
100x

c =ale to millimetres

N
B

propaniss of
nancsmuciured
functional
rasenals

spatially resolved properties:
chemical state

Wy Eleciionc, magnetic,
B |, optical properties

57
/ ?-' axtrema states of matier
re £

incsiturafefnde
' - -

B vt

struclure-based

tdored mechanical
properlies ™

", materials design

rational drug dasign

structure and dynamics
of bicjogical molecules

o gy —
it =

chemistry, catalyss

Understanding the
Complexity of Matter

tribssiagy

—

. »
miachanical struchure, & . T
alectronic -
| magnatic properties - & tracking of physical/chemical processes

dynamics in
disordered

<J2 21313 =2 PETRA IVAAICH & 2AIZIEET])el 7| A&

Of. 8% ESRF (ESRF-EBSE MS58Hd )

o FEWEIYY 40%7F A &7 #HEEH ATY, 2%+

1
™
el

JA F8 ATEF

2

=40% of public besm

lime science has links

= Pay, rapid, confidential
+ 100 unigue clients
« Industry from TRL 1-8

+ 30 technology licences
= Manufacture for other SR

Instrumentation
& Technology P

» Design consuftancy

to industry

+ Frea of charge
+ Slow, must publish
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Atomic-Resolution Imaging & 3D Structure of Biomolecules
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Autzen et al. Guo et al. Winkler et al.
(2017) Science (2017) Nature (2017) Nature

¥in et al.
(2017) Science

Duan et al.
(2018) PNAS

<8 221.3> Aof et A TRPMS| =AM 2 ™AL sojd T+,
201743t 20180l TRPaHE e Zof gt =7t
He| FALet AlZlofl =2 Xdoll &uE (8]

x 2-51



o W Bae] §o Tz We AT

CHROMIXS

z -

2 8

£ H

- -

<2l 2214> AA|ZF SEC-SAXS Aslg 535t 22| =
BSA CHH AL Al Z 2| dimer2F monomer2|
ab-initio envelop 2% F+=x= ZE([7].
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RNA Al H&sE H3ste dande Ccodd =Hl F2E oF& A7
AFFxAA olFAE EATS FAeReH AqE FHE UEFH WARRTIET
Bio SAXS HW#tQle] high-throughput &9 SAXS =4 9 E4A2"S o] &34
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PD-L1/BMS-8356558 CTLA4remelimumab

PD-1/pambralizumab PD-1/nivolumab
(Keytruda) {Opdivo)

<J212216> M x| 3%l E chAlD} oiod Skobw| ZEH 1= [4,5]

23 o

Gleevec

Tamiflu

<2l 221.7> Tamiflu-Neuramidase Z g += (PDB : 2HU4)2}
Gleevec-Abl CH A ASH 2 (PDB : 1IEP) [6]

det

on MA SAREZHE7] W EX o

o wole azitg Wekele mE AR sHE7)(APS, ALS, SSRL), =Y
WAFE7EE 71 (PETRA D), AHubch AR 7EE:7)(CLS), 22912 WARE7HE: 7] (SLS),
o

-

4T WAR7HE7|(DLS), L BAB 77 (Spring s, PF) 14 £9sha ek,

s MX Wl B2 SAXS REkelst A

2AL AT A (CryoEM) S £43E BAR7E7E e 2o
1) eBIC: Electron Bio-Imaging Centre at Diamond Light Source

2) CMO01: Cryo-EM beamline at ESRF

3) Cryo-EM facility at Photon Factory

4) Cryo-EM facility at SSRL
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[1] https://www.nature.com/articles/nmat3244
[2] https:/ /www .liverpool.ac.uk/chemistry/research/hardwick-group/research/
[3] https://www .electrochem.org/dl/ma/206/pdfs/1849.pdf
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(@ X-M, Soft X-ray Nano-probe)
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O X-ray Photoemission Spectroscopy (XPS)
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A D] soft-matter, bio-organic tissue, molecular complexess©l g
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[1] 27 Thrust areas, Advanced Light Source Five-Year Strategic Plan FY2020
[2] 3.7 Soft X-Ray Coherent Scattering and Imaging, CDR of NSLS-II
[3] PETRA 1V - Decoding Complexity in Nature and Technology, CDR of PETRA-IV

[4] 5 Science and Technology Drivers, CDR of PETRA-IV
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[5] SOLEIL HERMES beamline (https://www.synchrotron-soleil.fr/en/beamlines/hermes)
[6] Rachid Belkhou ef al, J. Synchrotron Rad. 22, 968 (2015).

[7] TPS 27A beamline (http://tpsbl.nsrrc.org.tw/bd_page.aspx?lang=en&pid=1064&port=27A)
[8] ALS COSMIC beamline (https://als.lbl.gov/beamlines/7-0-1/)

[9] Proceedings of the 14th International Conference on X-ray Microscopy (XRM2018)),
Microscopy and Microanalysis 24, 8 (2018).

[10] R. Follath ef al, AIP Conference Proceedings 1234, 323 (2010).
[11] NSLS-I 21-ID-2 beamline (https://www.bnl.gov/ps/beamlines/beamline.php?r=21-ID-2)
[12] NSLS-I 23-ID-1 beamline (https://www.bnl.gov/ps/beamlines/beamline.php?r=23-ID-1)
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(Nanoscale Angle-resolved Photoemission Spectroscopy)
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<% 224.1> nano-ARPES schematic diagram and ARPES dispersions measured along
the I'- K- M direction on MoTe, flakes with thickness of 3, 5, and 7 ML, respectively
(Quantum Well State)

O Light Source : Dual Elliptically Polarizing Undulator
O Photon energy: 100 eV ~ 2,000 eV
o Resolving power: E/AE > 1 x 10*@100 eV with 100X100 nm?

o0 Photon flux: 10%@100 eV with 100X100 nm?
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O Beam Size : < [Horizontal] 100 x [Vertical] 100 nm?
O Main Devices : Optics(Mirror & Monochromator)
Beam diagnostic device
nm-Beam focusing optics
Electron analyzer with 3D-Spin detector

PEEM-based momentum microscope
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Photoslectron
angular distribtion @
1

Elactron's trajectory from...

same position

- I different angle

2nd projective lens ==

"""" different positicn
same angle (normal
amission)

st projective lens (OFF)

Transfer lens (OM) - :
AN

Field aperture —
Deflectornstigmator
Confrast aperture -

Objective lens

— Real space image plane

— Reciprocal space focal plane

<32l 2.24.4> Schematic view of the lens optics of the PEEM

(2) nmu XA <& B8 A (nm scale X-ray focusing optics)
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<% 2.2.4.5> Fresnel zone plate geometry
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<3 22.46> Schematic view of the two—mirror Kirkpatrick - Baez system
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of. MA wAFE7147] nano-ARPES H2tol sz

nano-ARPES A dAX+= w|= ALS, Z &2 SOLEIL, 9= DIAMOND, ©|ejg] Elettra

59 77l 10 W AREE #AH V&S JNEEl$Ea nano-ARPESE  ©]-8-31¢]

2459 nmi A7) AATE AT g FrAe dATzes 339 AFES
MES Yok @A) AHESE YE nano ARPES Melole] T T /X2 goFd
F odrh B% FHAE olgdtel nm-BAWE WED FAA e T3
AALY7E AHEHE FHOE nmiF 9H ANFAZ ARE SN ZPsE
WA mF BANT G0 48S S PEEM AAEAYE AFste] He WAL
ZA3 g5 5 A AHE FE3= WA S o835t A [12 - 16]
<IE 2241> MA ZALZIIET] nano-ARPES ®l2fel &gt
L{X| BHe i
7|22t Wl AEXI B V) | gy A0y 2ZHES
(nano-ARPES) A
(_l'___ljl)
_ 12 — 11000 5
SOLEIL/Z&HA ANTARES Zone-plate 30 X 30 nm
(95 - 1000)
MAESTRO(7.0.2.2) 20 - 1000 Zone-plate 120 X 120 nm?
ALS/0|=
MAESTRO(7.0.2.3) 20 - 1000 (PEEM) 35 nm
. 18 - 240 >
Diamond/&= 105 Zone-plate 700 X 700 nm
(60 - 150)
Elletra/O| Et 2| Of 1.2L NanoESCA 5 -1000 (PEEM) 150 nm
27A Nanosco
TPS/CHat by 90 - 1500 (PEEM) 80 nm
PRINS
Ht. 7| E}

A9 59 UV FYJ O ZE nano-ARPESE F+3E 4= ¢l7] wjFo) WAlg7E47] 9]
Fde ol &stofof 3t 4GSR v oW =9l ABrE (coherence) 542, 3GSR¥
=]

1S A&st=d ddjdez /28 Aoz 7yt

vEE 2Atdel B2 E47IHeRE s "o
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<% 2.24.8> SOLEIL(ZZA) ANTARES & 2tlolA{ 2] nano-ARPES A& ofl[17]

2

o

Mo
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225 ZA%2 X-M 2|E (Coherent X-ray Diffraction)

7k ©e2rel 7ie

asts XA 3d el AAt ARGl diffraction limited storage ring

(DLSR)] thx &<l 54420

(1) A%E X472 A58 093 X4 Joj2 DLl
Ago] Msd WY XA A AW AE WS BER B

3]
214171 &4 2 FE 24 979 4 FdF= 344 (locality) 3 FEA
(disorder)o]t}. ©o]2FE I3 Hd =4 H AW @A A3} Lo

RIS =
SRAAQ #Hete] AAE AT 7 Ae Ao A2AHS ol &3 MER AT

E W=

A ZAAW WAREEer FE5E W= DLSR  (4GSR)9] wWiEZ A 549
WAL w3 Auts 5L o714 adiske At A2 dd-omA A9
H4 otk tE Aute 24 FA-onA AFE Tl T3 A dAE
F 7heol e AT AHE aEH A9 Ve 2Ae s A AJ=H 9
ol & 7FestA st= M2 AFWHS Altsta Al=gt

0 3P X-A (Polarized X-ray Beam)

- MBA 7% BARGAE 3AT o} B2 R 42 B Fdo] A, A& 58 T

4M) FARE 7EE71Y FHQA JEE XA (focused X-ray beam) 7]HE
BE&40F Aojx= H X-A (polarized X-ray beam)S ©]&3%t A 24 A
AR o2 24, Ao AduA A=H, o|FHATE, ~UE

Sol Uehtt 94 9d, 5 AAY &%, 29AE 4548, AW 5y

)
ol
o,

o
®

¥ N ot 1T
o2 [>

2 B

o

JFL FIAOR AAR BEH] ANAE odF FA BA W@ B
el WAl BhF IA BAAY 2n-AE Aue A4 FEAET 5+ U
X AR TY RS gt AR TAL AT oF 98] Ag XA B
24 AAE 3o NS, Fa A A7 B4A AL, 1A, 19,
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o Wzl 44

A-hutch®} B-hutch® FAH™, ZAtls, &, oA Alojd HAHstd wedl
A Fedth Weel AM A AL, AN, 1, AR 5 FF B4
23] A¥d & A= end-station 7] LFZF o)

<I 2251> A2 X-M FH "ol e
Photon energy 3000 ~ 30,000 eV
Photon flux 10™ photon/sec (in-vacuum undulator)
A-hutch: < 500 (H) x 500 (V) nm?
Coherent focused beam B-hutch: < 100 (H) x 100 (V) nm?
. Linearly(Horizontal and Vertical) and circularly(right- and
Polarized beam left-handed) up to high Energy
453 Coherent Diffraction Imaging (CDI), Bragg CDI
" Resonant x-ray magnetic scattering (RXMS)
X High-pressure  x-ray  scattering  (HP),  Time-resolved
B experiments
* CDI 2t XRD dgs s Hdof S
gl
Secondary e .m‘ .'. L]
Saurce a® =
ol
focusing METON "
.A'I—:rL-ey-fJ-.
Unduitor '\._‘ \..
\
<% 2251> A3 X-M 3E gzl g
L}, Ea2tel 244

Az 249 oldle vigLHolm JEHA g Txe oldrt A5 B
3 A7 B¢ JEE FRE F2 RNRE A7 92d 24 3¥ d9se
MZE =de gtoldlth. sHARE, F4Zoln FE=HA e 72 T3 A2 d=
olsfd F ATk WY I3 Aute SN QoA 2HEF (speckle) HEHES o] &3
agte A omAL o]y AFASERH ARY oAE AH de F UEFH
sh= A9 WRlelt <ad 2252> 53], o] &2 Ao HAe Aute SAS
g8 A A 2AYY AR TE ES F A AHE AT F, d¥s
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<Ol 2252> 25 X-M2 ol LAY Fx 24 B S
ol et ciatgt &Hol 5H ojojd Ay 2 (A-E) O]
Lt =0 Aok 2%E 3E dHo=25H A[RS O[0[X|E
A= HH2 dsol2ls 2EE AM o|FoX|=H O
22| Eo| Zlz=o ot (F) (11

o AE7IY A

ret

7t

olr

CRE Rk

O HP XAdE o] &3 XA T ARKXRS)

74 X-A oA FYGelA d HF (circular polarization)S HIES HF 2HLS 94
A A (phase plate retarder)S FZ o]&3l=d|, tololzs e TARFS
X-7do] 984 3de wel Fahet= W dst= W Abold
<T™ 2253>9F o] XAl ;|G xHo] o]Fojth XA & AF (XRS: x-ray
resonant scattering)7]1'-2 A Z ©E HF wWE T ATE
e A AdR 249 3 g=rt 22 AR dAbE W A7) Atelrt FElo
YetgdE =, o] zolS sty A& & o A AdHs AdEste] w&siok gtk
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T 51_
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A X-A oy A W ot 4 AA

. g2, ol

3}
“

(monochromator) <}

}

9
il

i oF

9

Nk

PN =

3 XA ey A

Hl

A1 o]

%719

g, "= APS 7}

e

= 1 A (20 keV o]

3l undulator

L

)

z4do] 7}

-
o

3

A2
vl

il

FH AUA7F 20 keV EBETh 7] wjEd,

X-7d

o A AFEY Y= =AY BF =2

wjr

e~
o
o}

el

Tt <19 2254>.

5 ©l

=

77 (skyrmion)
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HashA He el A&" dggdez s AMEe dF &A=
=

A7} Fsl A8 Folo.

all
2

1

| ) "
]i| T“‘Tr!.'/..._.-.‘-‘\..\\!n-i
AT Fr e R F 20T
P e N
IRAR T 7PN R T 2R
T..“Il'l'v'/_a_...\‘h\.\.‘ Tria
P“'t’.’."f'_»_.m‘\‘n‘l‘ fets
PEEEt Y 1S e bl 4
prtth o
f""rf};,.__~.\\\\!-tn--

I !
Doenain 1 i Dompinwall | Dosain

"
"
"
L

<Ol 2254> Ak A|Re| Lt AAHY S & AR Eollel dA 2t Y

Foel, AHd AF0[2 AKX O|2T|7HX| = LiOo[E{olM =
olo|=E Z7[of EX LiEHE Cfeket Atd S8 Fx9| 25 [4].

o ARBA N2 2aA W 7Y AR ol

=29 §4E Yl o2& AFEQ dA, 23, eule aja Ax)p ke 2T
35 Agom Aze e BAL fESE A7 29 RS 74 AR
=4 (strongly correlated electron systems)ollA] HIWaA &3 $tow &
Qe 78 Axgor HFHo] g oldd ARsu-Ax-onde ApD 4E
Age AppAes AL Amels 2 A A AHE BEE A2 gozo
HRolg AA BAE FESIE AW, 3 Ade 4Ye wEA Eaa
ToHoer fFRHs H LI Aoy fEs FA FHIER AMEE EA4S
FFEst7|&= st 97 5ol Sl thdsiA Rusdit <ad 2255>

<38l 2255> x|& ol FAHl REEE
2 E HMAA (Mott insulator) 2| Pseudogap & =XME &4 [10].

o Y=3d g Y=eFFS o] &F 334 oA

Transmission  geometryollX 34 #HS  FA3s=  CDIE=  Bragg
geometryol A b= 2] A5 ZAAAA BARC] 33 on[AE
A7 = Bd A FACl FF XA

AN
o
ol
ol
S
i)
I
i
2
=
o
>,
Fu
1o
o,
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<8 2256> Ptychographical BCDIE Lt=2t0]0f &AL strain
=Mol| 2235t of [13]. & InGaAs LHc2to|of L2
strain 22X & 33Xtz 7S Z1f

S AT F2 FAHLE 5= 3,000~7,000 K, 4He B9 FHnk 79t
(~109 Pa)ell sfiFet™ olHg A LRst= EAS YEITH. old ¢z
=25 TS| st <ad 2257>3 ZE F H9 GololEE Alold AlEE
Bol tES Jhete tolotE= o] 7P HHZFOE ARREHI JloH L=
YAGE2 AT HolAE ARt £HHoE Ao 2EE Vil WA S
ARESEAL k. thololE=e] A RAZFETE 10/108® 7P Ak, A7
Frstzlo]l X-Ads o83 FEREAHC oA AsolH 53] AgY AVI7F A
vlol2 2 wHE v A wE g2 W Alejzex B stal A =S b Fels
ARESloF  slrlel  A@EWARRTEET] AJAY &Ego] HAUFo=w Fasdith 53
Hde tolotZ= <A (DAC) = ©|-&3% high pressure image & ILSH7 ol A

Ng oluA A7E AdET o,

I2 = = Mao-type symmetry
Z) A cell AFRI(LEZ).
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A XA AUA Gl AP e 4Fol A5IHES A% WF 2F P}
edFe Wee HZ AW 98 by daeel=g vk ESRE(HH
WAREZEEZN) S ID 12 ®eEjld wls APSe] 4-ID-D WE1(20231d APS-U
Qagle]= Fol it Polar Wekl)1]e] Ae) fAsich
S o
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Fo"etel e

Agtg &7 XA AFE (coherent SAXS) WEkle] HZAHL 1A &, F7] 33,
RNEELS] Thefst A EotdA] Ao} 7t5st AlE 34 stolA $ AoA uim T
o2 Y43 7xE Ve 22 Fx B4 HL&s= Aol

TR AqUA AAE EFS Uie Vs FokY At & Jd HEA,
ANAA &2, RE=A, HaFg o], Bstaxt B 7544 At 5 TdFgE FokellA o] Fo| A
RNom &7F x4 Ak HgRjle] &8 Es vig ZolAA JUth <I¥ 2261> oA|7HA
3GSR 47} 2t ] o A7 ®ofolW, fF-F7] HE, FAF, dx

o}

Hed BdY Fx F3t 87 FolA oz EH Az FE
i

= = =] =] - =
2Eo) BE WolE YgAastnA s ASoldrt
Ervvircessestad contamination, Solar cell BHJ Solar cell Inaterisls. OFET, DLED,
Ex: Lossgaange ofdaing of block copolymar Ex: Conducting polymar, CHT, Graphang

e
"IIII!‘ ‘J'IIII’

“ H Biochemical sensors, screening, adsarption
i Energy convertion sctuntar
.‘nﬂﬂl:ill Eannrf
Chas
|h|n |'|||1'| Dm‘l DN

<32l 226.1> SAXS &zteloM HE=ol 2 AT Zof
A2 Bol WA olgAEe AT U BAe BAFe] BAd) HsiA At
9 BYSHT A, ael B dehte oy b J1ede] BARS BE E0eE
3, AZSANE ARE $§ LobE AHdLA =Fatn Yok A W e

HEe 74 a7 A W AES ASHoR sty Uk B FelAE Aol
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wEA, #7] B¥AA, OLED, HxZdel, #3o944 5o FAst He
R/T7) wE, g, v ey BAS <19 22625004 RE sk 2ol &

Molecularscale packing Crystalingy, Lacal phase-segreganion Cavice-1cale
i, pabemier 3-1fackngy Mano-sfile arder  Grain seedsinbutics Phaie mnitdrfece phide-vegregitian
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Ch AHTIY A ThsY % xpEy

Agre XA WS o] &3 nlojlmg A7 47 Ak 7| (uUGISAXS, Small Angle
X-ray Scattering)?} XA F2 A EFH  (XPCS, X-ray Photon Correlation
Spectroscopy)elth. ©] 7IHELS & AdA
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Ed 29U {759 AFS ANtz #Hste AEE AT EokE =Y &
== e gol.

IHA olHE Azl tE HdIAs Al B AF 7ol ddHe "W aHe
APFS At BW <3 2261>3 2o 5, 4GSR AAFHe AdEH oYy FLddA
A= 2ot AE3 jlS ngeg 379 fJEAS ol&dlAM AR #A
Asd o] <& 2261>9 Hee WS FE35] s Aot

<I 226.1> ZEZ LZtetet glafel Apet
Hard X-ray
of| %] &< 4 ~ 40 keV
|| SHE= (E/AE) ~ 2x10™
rat 10" - 10™ photon/sec in the range of 4-40 keV
i Coherent flux: ~10™ photon/sec at 12.4 keV
24 e in-vacuum Undulator (Length: 2 m, Period: 18.5 mm)
)él-g-gylﬂ e SAXS / WAXS .
e XPCS (X-ray Photon Correlation Spectroscopy)
Monochromator | * LN, cooled Double Crystal Monochmotor with Si(111) & Si(311) crystal pair
Ontics e Dual Kirkpatrick-Baez (KB) mirror pair (VFM1,2 and HFM1,2) in two
P bounce geometry
Focused beamsize| ¢« ~10 um
e TZHEHI (lon pump & controller, turbo pump, rotary or vane pump)
o ZTIS%H| (gate valve, angle valve, bellows, nipples, gasket, bolts & nuts)
* support & girder (smart girder & support)
o ZITHEH| BPM, T3Z%H(lon gauge, cold cathode gauge))
Beamline * shutter (F.E beam stopper, FCS, photon mask / End-station shutter)
PTL o WHZk= Gl ytility (cooling system & utility / gas)
» BL control electronics (safety & interlock system, HX/Z7| A|AH)
o AFH, EXIAMA, HIOIH S/W (control & DAQ, program server system)
* BL monitoring & data storage
¢ Optical Hutch
e Experimental Hutch (interlock =g
* Fast readout Detector (SAXSE)
* Fast readout Detector (XPCSE)
AR e Automatic Sampli Changer
« HOJE EMEX| Xk53kHigh throughput) &K &
- ClojE 248 202 HFE
o ASHO|lE, 2EZFE AXH, MY, TR-stage
gt Yatel dI|HE ST A7 =20k

lolmz 237 2R Ee B4 RWY U4 B B4 579 72E 2P

WEA she Fa7IMelth 4GSRe o] &3 AFAZTIHE AFEA (AL, AL,

x 2-85



A1, A7, 7hEE97], sE)Ol

1l
JEK
0

iz

o
N
0

T
)

=3

4
Mr

mj

ol

=)

)

g2 olojd

a8

o 5 rolAE NN 4 vlolagow

(3) 3D scanning SAXS 7|H< &

oj

=

A SAXS =jEl

S

|50 XA}

ol

Al

4

Ao,

o} 1/100 ©]

3

ol Hl

s

A

T

g 3

7H3

=, Rotation

Z0lMT= s e

2 LBt 7| S2f 3AHY

Il =
= —

(c) HE

(b) olol=2 CT (12.1 pm £l

<% 226.3> 3D A7i'd SAXS

g

Of. MA| ARE7HE7] W A o

4]

3

Hoh A5Hoz #8357 9

=
=
A

Uz &2k A Bgox Ede 7z PR

gtor], Aol

285 of

gele ol

]

=]
i

SAXS

7} 719 SAXS

o

A

=0

H

0

o

13

= 44

=1

b, =7 v 1% e

S

gl s

. o

S

7149

x 2-86 *



<E 2262> MHA ZoE zfdket getel dx o &

Okt

Facility Source H

ogt
Hr

Of

CoSAXS Undulator Micro beam SAXS,
Anomalous SAXS, XPCS

A9H

SAXS, BioSAXS, Time resolved SAXS,

MAX IV Time-resolved X-ray scattering,

Time-resolved SAXS,
Time-resolved reflectivity

FemtoMAX Undulator Time-resolved X-ray spectroscopies,

=

Ao
rt

[1] Jonathan Rivnay et. al. Chem. Rev. 2012, 112, 5488 —55109.

[2] Marios Georgiadis et. al., Bone, 2015, 71, 42-52.
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Al-/ &3
WA etar =744 -ALE] A
5~40 keVe] FHHAF
Bel/npol e/ MAbdaA B

in situ(operando) 5

<E 227.1> AA|Zt o

T

sz }\] v)_\.’Eé]

34, focusing mirrors 53

& 248 Aoz ¢

3ol A
wors

A s A

7

OFO

sk, S|=/ 87/ 51t/
EH?} high throughput- %
AT ER=E AAstaat 3

Light Source

Undulator

Photon energy

5,000 ~ 40,000 eV

Data acquisition time

< several msec

Energy resolution

AE/E < 2 x 10

Beam Size

[Horizontal] 10 x [Vertical] 2 mm?(conventional); < 100 pm
(focused beam)

Main Devices

Continuous scan Double Crystal Monochromator (DCM)
60Hz Quick scan DCM

Energy Dispersive Detector

Kirkpatric-Baez(KB) Optics

Fast response ion-chamber

High-throughput sample holder and automatic samples
change system

<@ 227.1> AAZE AlZ3H
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A HE3ls B E9 i) single bent Si polychromatorg ©]-&3%F 4 dg] %= oy
A ZHE S5 = F JIRE A<t

Quick scan DCM E.E=9] 35 7]E9] 4 45 IHE A7 BiHe
B 31, single bent Si polychromator®] 7d-¢- focused X-A WS A5 ZALSH
%, "AZANA AXZA HE7] Ee CCDE |83ty dUAE °

XA o B34 e) 7hestt, ¢ 2l & vholARx 2AAS XAFS 530

7be

¢

T3 7129 HEddA 25 F (Y vwelaEry { =79 X-A
polychromatorE &-&3t SHS = A= FJ&5A HYY FHFS 0|83, 7]
Rl AbFe AR HA2E & fiMd AA, &3 FH Fd A

o
TEEAC] 7hsdtH, 7HHE AN H JEFY FAR oA 54 BUPL

& T A BYR~uolaEx JY9Y AR (time-resolved) HARE
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transient voltags aperation
04V-2>14Y

————

Pt metallic
ziza

[sordered P1 layer
e i Koy = Kajiatence = Kapeaoy = Kaprpy

The show steps &

reaied b the subsurface event

Pt metallic T
size yera = Ky = Kyjroy = Kogprpy bP10)

transient voltage operation
14V-204V

Pt metallic
size
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ALZ XAFS SA4S Fozn IAxdwt deder FH5

rr

o BAEok

EG el A F3 BELALE FAISFHOE AASAY BT =2A=
WA 7]17] 9l AHEAE ol&st= A7t & Wy F

HFoly EYF Yol EAst= dAel ul$ #F33 As5+ (arsenate) ©]2S



O

A B ol & o] &3l A T3NS As3+ (arsenite) FEIZ HFA| 7= Aol A,

Arsenate’} A3t EYS A HoloA HolH =

arseniteZ THAIA A7 W =4HE IJAY & ‘%LQ?-— | &sl=d, 1A%
] O

mlo] Z &1 B X-4 XAFS =4 &lo] o]23 74

)73 8 3 of

FE U EAEe 9AEY FHH BEE mappingdty, d9ste I il
e deHHo =z XAFS #3%t APS FIFo=EH, Fod IHE Eds3T
T2 AolE 9 F e
Diamond an f“/d:crj\s(il’i/ a) b) [—Crn
S Sy : o
, ; 1
. ¥ i N
L. . B =
3[ ﬁ/\‘ "" ol I . 2
Pe Migh- temperalllr“; wl’ A /
[ under 78 GPa 4-—2
vvvvvvvvvv ‘ /a .I‘ " Energy (eV)
T 22.7.4> Time-resolved/Spatial-resolved XAFS 2|2l | TotskZof A
PAY A o
B g evlE, PAPIelkE A, Ak A
FB¢F, W 5 FAASNAA ASEE e, B sE, gdad 5
S5 A
55, super heavy ¥4 31E9 AUA A/ A, EAws, A4 2 =337
HsEd &4, 293ty 5o 54 1%, 3teteks 2 A5 9 o]3|
F994E 08T ), A4, 874 B A7, MARA 719 4 2 AA, A5
2 ulotE ) o e e ekE 1, A7 W) 218k 21 AHe) 24 72 A

on. MA SARE7HE7] kel o

&

AAA BARE 7HE7IA @8t e AAZE XAFS SAo] 7bedh
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T o o =
YAE7H57] LRk 2 ol x| H| 2
: -continuous scan DCM
Nsts-ll (@] | JBM-OAS (Quick Three-pole | 47 310 kev | -unfocused(10x1mm?)
X-ray Absorption) wiggler —focused (500um)
8ID-ISS (Inner-Shell Damping -continuous scan DCM
NSLS-I1I (Dli‘) Spectroscopy) nggler 49~32.0 keV _focused (500um)
) Bending -continuous scan DzCM
APS (O|=) Beamline 9BM : 2.1~225 keV | -unfocused(3x1mm?)
magne -focused (500um)
Bending -continuous scan DCM
SSRL (O]=) LBL2-2 magnet 4.5~37.0 keV —unfocused(15x 3mm?)
-4.5~37keV: Si(111)
Spring-8 BLO1B1 (Wide energy Bending -8.6~70keV: Si(311)
(L= XAFS) magnet 4.5~110.0 keV | 435 110keV: (Si511)
-focused beam < 0.2mm
. In-vacuum
Spring-8 . -focused beam
(2 =) BL36XU tyﬁﬁdtalggfd 4.5~35.0 keV (1pm/100nm)
Photon Tapered -Bent crystal detector
Factory (22) AR-NW2A undulator 50~250 keV' | f5cised (0.6x0.2mm?)
o Bending -40Hz quick scan DCM
SLS(A 22 SuperXAS-X10DA magnet 4.0~32.0 keV —focused beam (100pm)
-EDS detector
-Pump/probe mode down to
o ID24 (Energy 4 planar micro-seconds
ESRF(ZZ ) dispersive XAFS) undulators >0~27.0 keV | focused beam
(Minimum: 3um,
Maximum: 200um)
- -continuous scan DCM
DESYEPETRAHI Ad P6Aa XAS Undulator 4.0~44.0 keV | -unfocused (2x1mm2)
(=2) (Advance ) -focused (150x50um°)
: -continuous scan DCM
OLEL ROCK-beamline Bending 45~400 keV | -unfocused (5x2mm?)
(ETL) magne -focused (350x190um?)
: _ -Bent Si polychromator
Dl%rqngnd I20-EDE Two plole 6.0~26.0 keV | -focused beam
(=) wiggler (Minimum: 100x30um?)
2z

<E 227.2> MA

~ O

HEA

F

L7157| AlMe

AIAIZH XAFS #lalel 3%

[1] O. Miiller et al., Quick-EXAFS setup at the SuperXAS beamline for in situ X-ray
absorption spectroscopy with 10 ms time resolution, J. Synchrotron Rad., Vol. 23
(2016) 260p.

[2] S. Myeong et al.,, Understanding voltage decay in lithium-excess layered cathode
materials through oxygen-centred structural arrangement, Nat. Commun., Vol. 9
(2018) 3285p.

[3] T. Uruga et al, Status of Synchrotron Radiation X-ray-based Multi-analytical Bea
mline BL36XU for Fuel Cell Electrocatalysis Research at SPring-8, Synchrotron R
adiation News, Vol. 33(1) (2020) 26p.

[4] N. Ishiguro, M. Tada, Structural Kinetics of Cathode Events on Polymer Electrol
yte Fuel Cell Catalysts Studied by Operando Time-Resolved XAFS, Catalysis Let
t, Vol. 148 (2018) 1597p.
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2.2.8 ‘M| 22X} Lt ZEHS (Bio Nano crystallography)

7k ©e2rel 7ie

Aoz AMEHI Aeke ¢F 60%+ GPCR (G-protein coupled receptor)@r
o 8 7leg st o @ES BHloR T[] AxTe olF= @Y

(el
5 =
B oox
2 e

m
o

] 5 A4S
A 52 A EF diEdS XA 238802 x5 £4317] f8 87H e ¢2A
ABE Q77 We olHTh a8x 7] AR 2o GRHAGEE, X-4 - F
g3t =27] (F 30 uym ©]Xh) 2] AAS V] {3 HAHFE HA &ol FRE Ao =
7l 10 pumoldt7t thFFo|th o|FA A& AA siurt o]&sle I)AH FIhe A 9
S HelE (F 180%)E A7 HA @k AW A4 34 tﬂa‘r‘ﬂy_t} oF 100¥]
ki ok 30 x 30 pym? & HNIAIE HAE X-AE o]&3std dHolg wA & XA
27 st (Serlal X-ray crystallography) && &83}o Fx #20] 7}%6‘}1:}[2~3], o] ¥
%

e A 2 AMSEHE @EA S o83 3E A9 vEo FE F3t

ol g 3
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>

o

R
E

S R H U e HE RS

Bipagprencinit Tohe e e 5
biiofie Thewegiepat

© Ay
(AT % BT gan

<a® 2281> slo|2 MA DEX B Welels
olgst FHAY
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rlo

AAEAR =248t 9kl (1) high fluxst 22 WAlol=2E 53 u|A| 23, uis
2 24 59 deoly 43, (2) defocusings )

& @94xE 2= 2AY dHeolH 3, 8 274 7% fragment 114 ==Y, (4)
serial crystallography % time-resolved crystallography® & (5) 5

6-19.6 keV)o| ®& WA A HElS g b = 24, (6) Aesh, AHA

)
34 87, 944 =& AaH, 235 F3 2 AR AL 5] Ve de AT

<IE 228.1> MM EZA LAYt Hatel Aref

T E &
oflqx] Hel 5 ~ 20 keV
U Edls 1 A O[3t
a2 * in-vaccum undulator
* Double Crystal Monochromator
SN « Focus mirror (beam collimation)
o Slit
« TIHEZE (lon pump & controller, turbo pump, rotary or vane pump)
o ZIZZEH| (gate valve, angle valve, bellows, nipples, gasket, bolts & nuts)
* support & girder (smart girder & support)
o XIGHEH| (BPM, X3 & (lon gauge, cold cathode gauge))

e shutter (F.E beam stopper, FCS, photon mask / End-station shutter)

Be?)?ll-me o HZt= Gl ytility (cooling system & utility / gas)
« BL control electronics (safety & interlock system, ™Xp/Z7| A|AH)
o ZHFH, ZAIMO, HOIH S/W (control & DAQ, program server system)
e BL monitoring & data storage
* Optical Hutch
+ Experimental Hutch (interlock Z&})
 Fast readout Detector (MX&)
e Automatic Sample Changer
A . high;throughput screening system, FBDD
¢ MX Z|E7|

« OOl 248 =20 HFH
« &SHH|0|F, Cryo-jet

<% 228.2> micro& 7| (ESRF, MAX V) <% 2283> Z#&7| % sample changer
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AA@w| 7 (Electron microscopy)s ©]&3 FxEA A s A Seut oF
350kDa =719 @l 18A oA FE7F FRHACH4] AT Ao vl
8% FES "HIse A2 d99 AF, dAFE (F 1A oF)9 M¥EES
dobli 7] fls) 24 ol dntHoz AREHI Stk AR FEAAY SdEs
T8 B d@iAn okE Bl Aleld T FsAES AFsy] "Ee AEE
First-in-class AlFolut 7]5F Aoke] G55 471 Better AoFY 7idol glojA=

o A& ZAAT (Serial crystallogrpahy)

XFELOIA AAE FEZRS XA H2= AR 3GSR Wkl HlawefA] of 19)u)
ZFetty. weba 3GSR WEkeleld #ojudk HolHE dA Xohe =719 2A (°F 1
um)s o]t AL AP WRle R oy 5o Jhsstr5]. - A3 X-Ad
Bro] 3 =Ed 242 dHo] ¢ ol AMSHA XIH. wEpA AAFHo=m
XFEL Hlgt¢lo] A Fo] A, XFELE ©]83 A43& syl s Wesd grrt
AR Foh g2 3 whAb3s 7] (GSR) 7 9] 79 XFELY Blae S A kx| vh
i 3GSR WEJET oF 1008 A XS AL 5 Aok wEkA, XFELO| ©]§
7bedt 7R 2 24 (F 10 um)S o] &3 HelE g5o] sted Aol

AZET 9Ed wWAg7bE7] (AGSR) 7RIS Ae 98 AAYS AR
H =
[}

ol

A Ao olgHE AL o]§F WA TREH WWOE, HF 30 x 30
o

s
um? 27)2 &8 XA 54 oA HolE 30 s @ Aelth o 100 W) F7}e
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<E 2282> A4EH MAX-IVel glztelnt Hjw

Facility Beamline Source Energy range{keV) Flux Detector Beam size

PLS 1T, B in-vacuum : ;_’:,'r 7.0% 10% phfs Elger S

South Korea TA Undulator Seis 1.0x 10" ph/s ADSC Q270 50~100um xial size
PLSII In-vacuum = 3

South Korea ac Undulator SR A 1ox10" s Filatusd 20um x 5 pm beam size

2x10" phfs

AGSR, {3.5—20) (2 x 10A14) Piltus or Eigher 1 pmx 1 pm beam size

South Korea

MAX IV {AGSR],

~ In-vacuw m
Sweden BioMX

e Eiger16M
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* ph/: Hybrid-pixet
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2.2.9 10jHX| =0|ZA (High Energy Microscopy)

7k ©e2rel 7ie

FaEol E£E 5~100 keV oy A X-Ade A&t gt Ax, A, A
7

Algoll Wit 712s8 APy AEA AY (B &4, AAd" AR 24, AR V1A
a5, A AR )= A% wEdE 2 o] By FF HAE TS

<ol 229.1> JdollH4x| soldel &8 of (3" £X: [1)
L}, watel 24
AQE 2, 2, RE TFE FE2ALY 24, 44, A BASO
540 AGHED o] Wi 2w FAL B4 YRE FAF + AE 54100 keV
WA ZUA XA GF /€S A vs g AAE Ha Qo Ju XA
FZel sidE== 100~1000 pm FEolH, FE-dyA R FHFoz FiL

FFE A7 F
ume] SiFESl AR EIRE o]8F uPE FY F50] sbed wE, 3A
AAAZE Rgoz sl (40 kev FIWh) =F FHHol FFHsie] AYgHo=

Fgat7)el AFsA Rakh (1Y 2292).

ofd

AT WA F)Eo] WASNUA 40100 keV W B BA oI WAL

AAE = A HA ol AR XA G99 WARRE AbEste @l
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oA X- A& a&402 AT

_/_”:

5~100 keV WHHY =2 dyA9 g2 WARE S A8 FHoeEAM=
Super-bend”} A g3t (H 2292), bending magnet FHES

keV o] oy s= Ayt oG mEbA, 4GSRelA 5~100 keV H 99
vz FEAHE FUgsEr] HEA Super-bend HFHS AL Wkl Ao
upgh A ettt g2 ESRFOA A4 F91 dnA Hlekdle] Zole 220 molH [1], =
A9 HEPSS] Wlepele 350 m= AA HAT [4]. =Y 4GSR FS54S 1HA,
200mm x 28mm ©]Fe] W75 7] fsiAe WY Zeol7t 100~150 m FE=7F
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o 71E WAH XA G

M99 X-

HALZ | A & 5~100 keV

=
-

o2 7

il

F A HAch (2Y 2292). 28, o] A9 bending magnet FUY w 20~100 keV

%

9

Ay

o

=2t} 4GSR

3.

s

dE )7

Bl A7}

o

I

8l
Jod

oju

1 7bs@ nAd A dvd 7<

o

W% 184 dg2Ad 94 85
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sy

o

N

(high-throughput), 113}

o =231

S

°] 7V&

ilin
o

X°
pase)

}

O

(large field of view), HE] =AY (hierarchical multi-scale)
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5

o 2219 T3 FAF 3Ad JA F&o]

AR, FA, A
AFEY 2502 A% 44

)

o

o

AU drA 7l<

I

0 Q¥ AXE (operando) B §

AA 2ZF oA (‘operando’)
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ok M SAETIST) W 9 B
ESRF9] Extremely Brilliant Source (EBS) A% ¥l HAE= 471 flagship
kel F s 5~100 keV 74A] ALE 5 e XA G4 WEelelth o] ®Eele
A

A el

AnEs

[1] D. Chenevier, A. Joly, ESRF: Inside the Extremely Brilliant Source Upgrade,
Synchrotron Radiation News, 31 (2018) 32-35.

[2] A. Pogany, D. Gao and S. W. Wilkins, Review of Scientific Instruments 68
2774-2782 (1997).

[3] S. Wilkins, et al.,, Nature 384 335 (1996).

[4] G. Li, Hard X-wray imaging beamline, High Energy Photon Source
(http:/ /english.ihep.cas.cn/heps/doc/3663.html)
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2210 Lt =2 H 2Z}9l (Nano-probe beamline)

s L3t
4GSRe] 13%, =2 AusA, &L FA

X-A 7199 multi-modal Y= ZEH
A<
=

H

e BAWE BEeE Yezzus pHem, W7 ©4

[e)
T wolA® ZRHE FA 15 Aol

nano-XANES, 3D XRF A& 7|HE, vlol|mg g H JdEXAgo|HdoA= 1~20 pme]
WS AFse] micro-XRS/micro-XRFE T ZHN 7|2/ AdHAAFe] A=A
A &84S Fugstaal ok =3, PLS-IT H ekl A AlFstA] Xt A+
Si-E5H4A H ORI 225 8%  JUEE AAFge=EHA 7E 549
Holde 3714 Ades 7IHE & Sle Sfblock €& 7|¥h A=d
MAst=d ZA o|utAE Aot

< 22101> Lt =28 g2fel Atet

[

g = A
X E9 5 keV ~ 25 keV
ke In vacuum Undulator
Y& EX KB Mirror (um ) + KB/FZP (nm )
HI AFO|= < 50 nm (nano-probe), 1~20 pm (micro-probe)
Hutch A 3D-PXCT, 2D-nanoXANES, 3D-XRF
Hutch B micro-XRS, micro-XRF
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AFA A X4 Y= dvF 7l N FA+E multi-modal X-4 nano-probeZ

2]
TEsk= Zeoltk [1]. @A 752 AA Hx 59 X-4 nano-probet W=IAA
AR R dd X-A AsE FAl A&t AL EA4o] 7} all-in-one

Hoz X5 =l S
AFo® AEFHHIL A AT XA JAEZSGAVE FEHEA XA f=7F
2 S7beta XA dx del =717 10 nm go®E FFEHUAM ueFd
multi-modal A& FAlo &8 4 vt Xray fluorescence, X-ray diffraction,
X-ray absorption spectroscopy, Differential phase contrast imaging, X-ray excited
optical luminescence, 2D/3D X-ray imaging =7do] FAle] o]FAZG. o}
coherent volume©®] F7}3l3l  energy tunability”} 7§41 A]  Bragg coherent
diffractive imaging¥ X-ray fluorescence imaging®] ZA¥Eo] Y=2AY A
33 FEA/3sHe ARE SAY 24T 5 Ao [18]. MBA 7|RE 44t U
WAREZYES 7 FE/ ARG B 277 vissshy] wiEel XA &35
g go] slasol X-A F& a8 A FdETh £ 43 coherencys 27
Wzl 5 ~ 25 keVY A X-A o|A Fgol 53 3D imagingoll Ao #allE
A FET. g5HoE AF7A ATHA ZAY 1T B XA U=

A S Aed AT

—_

=
ZH

lLl

Hunrescencn

Diffraction

Hard x-ray
Absorption

-

i;

D 11/

& A pair of MLLs

<2 22.10.1> Multi-modal X-M Lt ZT2H JjE 5

, olEd s A XA 7] geke £471W &8°] 7hsstA  in-sity,
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real-time, operando 4 7| &8&o] HZAHE Yxx=zd RligQlo] {LHHOZH,

Ggd BN BAY Fxs 540 H/H0E Wse A AL Bl
e, @A $U FeA7)Ee 2NN F WA Boled & YL o
AFET EF obHzA WAH Ropz WolglomA A /1E BA 54L
Holde #8717 A4%e /UT 4+ Je 522 A4 s AEd ARdTE
ARstzd 2A oluAT Rolct.

El 2
TE2A/3st E4 A7 AldEHR dn diEAH] XA AEFSHA= KB
mirror[4], multilayer Laue lens[5], compound reflective lens[6], Fresnel zone plate
(FZP)[7]17} At} ©l=k APS (26ID), NSLS-II (3-ID), 9=+ DLS-II (114), +H 3§ ESRF
(ID16B)E HIES 44t HARZ7FE 7] 29d9] MAX-IV (nano-MAX) SolA vi=
z2H WS F55t £Ygsta o, tiFiEe 4 X-A nano-probe A2, 30
nmy7 wIlTSE 2D Hiole AJHEY YAFEE mapping, 50 nmuE M TSE 3D

nano-tomography €77} 7} 3}th.

o 7]& WA AEA

EFWANGTEE 77 20120 3AITH AREVES VIR PLSIIZ @ a# o] =5 o
299 X-A B2o] 7Rl thFE X-Al nano-probe 7]1<&o] JHRrE 7] AlEHEHe],

1719] coherent X-4 3" (9C ®peh[8] & 2719 X-A &dwA Aldo] FHHIU
C HalaMe= 4 XA (B~75 keV) P9 full-field phase contrast X-A
dv7d zZeprt FEEol duk o8& oA AFHI  UAn sHARE, A
WARE7EE 7] FEY AP SZ A3 5~15 keV dAYA] FFA 10 ym FFL
nto]lZ 2 W& AFstal 7] wjEe] v ZEH Hglo|A FHstal = 5-25

m FE9 U H IJd/FF/ NS Ve, dxolvA Tlee] 74

e A

W
)

<
o2
18
=2
>
Lo
—_
o
o)
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real-time, operando 4] 7|"H& 1E3st= Aotk 7 X-41 nano-probe 7|ES
835k AAZ E3F B SH7|EL, insitu & operando X-4 A 7|&FH X-A CT

A —
SFE B4 B4 Mol sbssth 9RAT (2%, b 297,

Nes A8t

A71%, whel wE AU A/dUx/EA/Hle]l e 2Ae) SulAl dx 72 3
RS T 24T & Ao 9A B 38 2449 3D tomography/imaging©]
7Fed b olyel, MY Ui/ g A A JFe] B dAx £E EAS
THE & At E3I photovoltaic system, HIEZ W 7|8 FA4 4%
A/ Fx/EHe TFF 54 B4l 7Mestth In-situ, operando X-A E§ EA
A e 7129 10 uim® FY9 HEHd FxAH EAS Hste DA
HA3Ee] 100 nm? ©]3te] FAFAe] FxA/EA EHS THHOE AHE F
Att.

o W F4

50 nm °J3te] (TFHSZ 10 nm °Js7HA FE) vx FEH FHES 3
FH oz 150 mo] TREcle] a7"HT. olF i F Wl ZX FP&ES T
U ®lo] 738 F don, FHHIY FF olFs Hug Z&ste, A WA
FA4AAA 100 m Fo) hutchE TS Yezzd F3d Halu A 2 AdA
1~20 pm 2712 AFH< vro]az HS o] &3 AdAVIHS ATt g53oE F
WAl AEAHS 150 m AF E= T8 hutchE 7%t Yx TE2BE P23}
PXCT, 2D nano-XANES, 3D XRF&9 A3 7I'H& Aot /H=EE<] deel 7+4&
otgf ™I}

Micro-probe
Nano-probe

<agl 22102> & X-d 7|gt e =28 gl2fel Jiet:
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204 F2H 6487

z:;—l.

O In-situ X-d U T8 7|HE& o]&

MEE AL d+ EHF AT

=
=

Ptychography

4 WR 72 3D XA

HE5 A

mF
oF

K

nano-XRFE &-&3F A8 7|9 &

2 F@se] A Mg

B

—_—

=

- Ptychography ©]7]Z ¥} nano-diffractions €83t HAAE oA &

b A Aw

S

#4313 0 2 M nano-probes &

=
=

el &<l radiation damage

T obe] 243}
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ol m|

Bopo] A 23 7

ki3

o YxaA & P
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1
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A /ANAA /A A8 AT &
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27 9] non-thermal melting ¢ ©]w"] =]/ 7}

% 7

strain field &7 % poisoning I} T
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- A% HEve 24 7 988 MRL A9, S5 HE7] AT 2 Ay FF
Al Al Eds Haseha o] =883 HAlVleR Vs Eoi jle
A=A AT

dolg<: 7Rk Hujo] IAE 5D 5 e A2 Al AT A

A 2 ZFEYE QAN AHS ¢35

Oon. MA EARE7HS7] Y2kl s

A XA Y zEH T]EL va APS WAMEUEE7]9] 261D Center for Nano
Materials R 2+21[9]7} NSLS-II ®AFZ7F47]9] Hard X-ray nano-probe beamline[10]°]
Mg AAHCRE dA7E APsta A HZol= F= Diamond HARE7FE 7]
nano-probe AlAo] 7FHsE 3 9Jar[11], ESRFe] ID16B Y 2kele 20163 o]F $-4:3)
AT AFHE BRasta JqoH12]. 4MY ¥F FARRIEE7]Q] MAX-IVE NanoMAX
nano-probe WIS FH3t] Y3t AuH13]. "lFE<e 4 X-4 nano-probe
AdL, 30 nmg ®IMFeE 2D Hio]e AlHS YAEE mapping, 50 nmu
522 3D nano-tomography 77} 7bsslth. @Al 31%=3tE X-A nano-probe
= st lom, Hol= Al 2§ EHAl U= operando $7F9 &R/ RS
AFAF (2%, 7k #9171, A7, W)l ©E inssitu FENAN SH 2 AL

= stal Aoy ®E3 S-EEU4E AT HEl A, 9 54
2o ARl A &olsta theke 7IHS E&aokH ] wiEol g WHepdlolA

o

= 2}
ekl 7ol F3o] 7Fe3dF Multi-modal W Ekle] =& Fs5ta Ut dAA|

rO
I
)
il
-
A

—
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<E 22102> MMA 24 F2l 4 X-M 7|t L =22 g812}21[9-13]
=7t ARE tl2fol Energy Beam size & flux
Beam size: 30 nm x 30 nm
0= APS 261D 6-12 keV

flux = 1x10° @ 10 keV

Beam size: 30nm x 30nm (FZP)
o|= NSLS-II 3-ID 6-25 keV 10nm x 10nm (MLL)
flux = 5x10® @ 10 keV

Beam size: 50 nm (<100nm)

gd= DLS 114 5-23 keV ,
Long beamline(185m)
Beam size: 50nm x 50nm
= 1.0um x 10um
TS| EsRr ID168 6-65 keV o g
et flux: 10°~10'% ph/s
Long beamline(185m)
Beam size: 50~200 nm
2AQE | MAX-IV | Nano-MAX 6-28 keV

flux = 3x10"° @ 10 keV

<E 22.103> TAA 2d 2l 5t-block A2 ALE 7ts &l2tel[14-18]

=7} HrALE LA 7| EE 297|1 H|
FEdst ESRF ROBL (BM20) HZDR
INE
= KARA KIT-INE
CAT-ACT
=Z2A SOLEIS MARS CEA 185 Bq

ANz E47ts

Actinide Science |

o .
== SPring-8 Actinide Science |l JAEA
AQA SLS XO5LA PSI
SLAC
0| = ALS HEo| HMgyerele gix|gt
APS Heo| XHEVIE &80 FH7ts
= DLS

D23

[1] H. Yan et al.,, Nano Futures 2, 11001 (2018).
[2] G. Martinez Criado et al.,, Advanced Materials 26, 7873 (2014).

[3] Karolina Stachnik et al., Sci. Rep. 10, 1784 (2020).
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[4] H. Mimura et al.,, Nature Phys. 6, 122 (2010)

[5] J. Vila-Comamala et al., J. Synchrotron Rad. 19, 705 (2012)

[6] A. Narikovich et al., J. Synchrotron Rad. 26, 1208 (2019)

[7] A. J. Morgan et al.,, Sci Rep. 5, 9892 (2015)

[8] C. J. Yu et al, J. Synchrotron Rad. 21, 264 (2014)

[9] R. P. Winarski et al., J. Synchrotron Rad. 19, 1056 (2012)

[10] E. Nazaretski et al., J. Synchrotron Rad. 24, 1113 (2017)

[11] P. Quinn et al.,, Microscopy and Microanalysis 24, 244 (2018)
[12] G. Martinez-Criado, ]J. Synchrotron Rad. 23, 344 (2016)

[13] U. Vogt et al., Proc. of SPIE 10389, 103890K (2017)

[14] https:/ /www.esrf.eu/UsersAndScience/Experiments/ CRG/BM20
[15] https://www.ine.kit.edu/english/1279.php

[16] https:/ /www.synchrotron-soleil.fr/en/beamlines/mars

[17] https:/ /www.spring8.or.jp/en/about_us/whats_sp8/facilities/bl/list/

[18] https:/ /www.diamond.ac.uk/industry/industry-News/Latest-News/Synchrotorn-I
nducstry-News-Focus-Nuclear-Research.html
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AlS EHEH H
23 4E7|HY Watelo] 74
231 ME7|HE wetelo| 7Y
<I 231.1> A7y gatele 7 (HAH-olzH) 1
As-ls To-be
1Y 28 oLs.y  ONSISAPEIErel | elgAplatel CfEE H| 3
(3GSRa) (4GSRE)  LAHE7IS|
o ESRF: o ESRF-EBS:
IDO1, ID16-B, IDO1, ID16-B,
ID22, 1D31, ID22, ID31,
ID27, BM32, ID27, BM32,
ID06, 1D28 ID06, 1D28 oaxy mx | o HEHOME JI2HO2 T
o Diamond: o Diamond II: 2 Hiafol 180 XRS/XRDE LT
01D XRS 116, B16, 121 116, B16, 121 =UETE L oe R—Eﬂqﬁxrjg
03A RXS o APS: o APS-U: 5222 XM E-DT-IO:'-: otzfe| gast 7|8=
XRS/XRD ~ |o3D XRS 3-1D-B.CD, 3D-B.CD, S l2tol )
(X-ray scattering) g?é #ArSXéFSRS 6-BM-AB, 6-BM-AB, loLpe maw | STESEE T 28 A 3429
09C CXS 11-b-C 5 | 11-ID-BC 5 izfol AZ2 2N sfof 3t22 4GSR
{:/eer:i\ttaOSMAX, *Hard X-ray ai Eat% ol 2%/ IaYl |98
o HEPs:
BL-1, BL-2,
BL-3, BL-6
o ESRF: o ESRF-EBS:
ID15B, 1D22, ID15B, 1D22,
ID27 ID27
o Diamond: o Diamond I
S 11, 115, B21 111, 115, B21
2' / ' ' ' QAN A=
=~ [HRPD o APS: o APS-U: = A4 HIglo| 7k o] A olo
7 |(high-resolution |©98 HRPD ~  5-BM-C, 5-BM-C, =4 e °§§2'/§<§§§L.EE?LT ol Ax
At |powder diffraction) 5-ID-B,C,D, 5-1D-B,C,D, N == =
o 6-ID-D, 6-ID-D Hard X-ray
= 11-BM-B, 11-BM-B,
17-BM-B & 17-BM-B &
o MAX IV:
DanMAX
o ESRF: o ESRF-EBS:
ID31, 1D13, ID31, ID13,
BM26, BM29, BM26, BM29
ID02, ID10 ID02, ID10
o Diamond: o Diamond |I:
107, B21, 122 107, B21, 122 .
° APS: o APS-U: 1Hiojaly | © EXYYC| M2 AOILY F2
03C SAXS | 1_|D_BCE 1_|D_BCE HI'.O MIF_A_‘I‘ temporal resolution_°_| _T'__E_SH%
1 =1y 1=l T = 34AL L
SAXS 04C AXS || 6ID-BC, 6-1D-B,C, GISAXS(XPCS)E T1oiot=71Y
) 8-ID-E,|, 8-ID-E,|, Zore N
§(s-r:laa|| s?:ggtjtlgrin ) 22’3 Lég%SAXS 9-ID-B,C, 9-1D-B,C, 9;%1‘}5} 0 4GSRQ| coherence H brilliance
y 9 UNIST-PAL . 12-BM-B, 12-BM-B, e gk 2|1 nano-focusings
12-1D-B,C,D, 12-1D-B,C,D, *Hard Sl FAE spatial, temporal
15-ID-BCD 5 | 15-ID-BCD &  ‘Hard Xray | o)) iions ek
o MAX IV:
CoSAXS
o HEPS:
BL-4, BL-9,
BL-11
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<I 23.12> dd7|HY gatelo| FM(MA-olzh) 2

As-Is To-be
" 2R - SHelRAFLEIQl | SieleArlall - CIEX H| 1
(3GSRE) (A4GSRE)  HARLIIST|
°Diamond: o Diamond I oNano-ARPESE _3{2 4GSR
o2 oM =7t UAS
© APS: © APS-U: o PLS-lI2| =32 4GSR Hatel
ARPES 29-ID-CD & 29-ID-CD & 4Lt A H|3+o:1| E_"H_—?— i 0] & SRl
(angle-resolved | o 452 SARPES IBS i
photoemission |©4A1 p-ARPES TS PR ot 3 J|HE AXF R0
spectroscopy) ° '[\s/llAXh IV: *Soft Xray | SR TATFE FE M3
oc
o HEPS: © IE—Q%\/L)\/ %10—:K<10 eV ~ 200 eV)9|
BL-12 Lite Zh=8lf TRREE2 =LHoA
HE =7t
° ESRE: © ESRF-EBS: o XPSE ENEA FXITE 7130
D21 D21 J|EoR ArEEH MK
o Diamond: o Diamond 1I: I?:}O._E% =2 24879 72
04D PES BO7 BO7 EES o
XPS 0 8A1 SPEM glztol OEEEC,\IA% 52| 4GSR Of2{ 2Of|A
0 8A2 KBSI-PAL : © APS: o APS-U: o =
Xray AP-XPS 4-ID-C, 4-ID-C, 4L AF Ol
SSoN /010D HR-PES I/ 16-ID-D S 16-ID-D S ZiSa) xR} |0 PLS-II0] £XES DML,
spectroscopy) | XAS KIST o MAX. IV: 24 glafel | flux HOlA Bo| Bo{x|2=2
© 10A2 HRPES-II FinE<tBEAMS Spatial resolutions = &1t
HIPPIE F|EXPE’S *Soft X'ray oAlo'” statistics %I'E7|' %_Q_‘%l—
SPECIES ' (nano-scopy, nano-imaging,
nano-ARPES RIZfOISOfA B
o Diamond: o Diamond I
:.E_ 109 109 =0l 74 YA A
t-," o 5USHH0IAM X-J/g X-M
st EM7|EHE SA0 EEHo=MK
. , SE StAoMe| HMH-AH-
Two color | auyge 3Bk _ o sjaix mRN Az
Spectroscopy e BL 22 XU © PETRA-IV: X AYFRO| HE TEA
BL-235U Two-colour BN JtssiLt getel 299
o NSLS-II: beamline ExtMoz olstal A0l
7 1D L7100 M2 2 T
o ESRF: o ESRF-EBS:
ID16B, ID21, ID16B, 1D21,
ID20, ID12, ID20, ID12,
D24, 1D26, D24, 1D26,
ID32 ID32
o Diamond: o Diamond |l:
106, 118, 106, 118, ; ; AlSlo| Zo
B18, 120 B18, 120 O;H.T:E s,rcze;r?ﬂlmgerey dis|perc§i\7;
XAFS o 7D XAFS o APS: o APS-U: HFA| O s JE=
(X-ray absorption| ~ XARS SEM-D, SBM-D.  7AA7t A
fi reiy XAFS 9-BM-B,C, 9-BM-B,C, Er2d  |otime resolution® &0|3,
ine-structure |o 10C Wide 10-BM-AB 10-BM-AB - 3 ;
Dy 1Dy tatist = 7HA‘I ol._l
spectroscopy) XAFS 10-1D-B, 10-1D-B, statistics= A= 91 MICro,
11-ID-D 11-ID-D nano problngE 0|'.T|_, —|°._|'_7|(_
. ’ O A S
13-ID-CDE S | 13-ID-CDE S s 8ok Y= A d
o MAX IV:
Balder
o HEPS:
BL-8, BL-13,
BL-14
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<E 231.3> AIo47|I:H|:|4 I:IIZIE_|.

o F+d(siA-olal) 3

As-Is To-be
" 2R PLS-II ] LIESON 1 ST CIRSON - o | Ct=H H| 2
(3GSR2) (AGSRE) AR
o ESRF: o ESRF-EBS:
ID23-1, ID23-2,| ID23-1, ID23-2,
ID29, ID30A, ID29, ID30A,
ID30B, D13 ID30B, ID13
o Diamond: o Diamond I
102, 103, 104, 102, 103, 104,
119, 123, 124 119, 123, 124
© APS: o APS-U: SABHIER}
2 [MX o5C SB I 14-BM-C, 14-BM-C, L o 73kt -
;g o7A SB | 14-ID-B, 14-1D-B, E.;EE@_‘ oo JHE AIM =HE R
5 |Macromolecular |  11C Micro-MX = 17-|D-B! 17-1D-B, G
=1 |aystallography) |©2D SMC 21-ID-DEFG, | 21-ID-DEF,G *Hard X-ray
23-ID-B,D 23-ID-B,D
24-ID-CE § | 24-ID-CE &
o MAX IV:
BioMAX,
MicroMAX
o HEPS:
BL-10
o ESRF: o ESRF-EBS:
ID11, ID15A, ID03, ID11 R
ID16A, 1D21 ID15A, ID16A o A9 g7|eF TEE AXZ9|
Shatof  mfet BZHES|SO|
o Diamond: o Diamond I SEAL
DIAD DIAD
CDI o APS: o APS-U: 5.4ak2 x.M | o ptychographyS 5% S7Hls
herent 2-ID-D 2-1D-D S Sl | et oY °
diffrac 26-1D-C, 26-1D-C, * . = =3 3%kte
imaging) 32-D-BC S | 32-ID-BC S Hard X-ray Oggggigy@ St 3N
o MAX IV
NanoMAX o statistics2| eretsS St 3AHR
o HEPS: 7HES LpeAam2 W 5
BL-1, BL-4,
BL-7
o ESRF: o ESRF-EBS:
(] ID17, ID19 ID17, ID19
2! o Diamond: o Diamond I
S IXCT 112, 113, B24 | 112, 113, B24 o 0|14 OESRF EBSOIlA EELI0 medical
5 6C BMI o APS: o APS-U: "-'gmlyd maging, medical therapy =Of0f|
(X-ray 4 |°7¢ XN 2-BM-AB_ 2-BM-AB_ =e °'“ eIt Thset
:gmguterlﬁe 13-BM-D = 13-BM-D = *Hard X-ray N
graphy) o MAX IV: o Cttst AZ0j|o &g 7|Cf
ForMAX
o HEPS:
BL-14
STXM, PEEM °Diamond: | Diamond i o 89| 4GSR Of2] X0 3%
(Scanning 3 AA=H o B} RO M Ptychograph
;fgmﬁms'on |0 10A1 sTXIM AP AT Toees | s EEOs
Photoemission *Soft X-ray oPLS-I19] 10A1 EA[& 29
electron o MAX IV: flux2| 1/100~1/1000 2t AkEs|
microscopy) MAXPEEM, A=
SoftiMAX
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232 dlie| dsTd YAHEIIST| detel 14
<i# 232.1> 73 ESRF-EBS(dsaal) A& datel 74 (337]) «BM Hatel HE
ESRF (2xH) 4524 Al (ESRF-EBS)
TE "ereld = EPS .
= ° HE7I'H (ESRF) OH«_;IV)I New type of experiments -g;lg.(.
IDO1 — . . Combination of coherent diffraction
Microdiffraction ?gar?%/ercijr;ffractlon and 6~24 |with in-operando chemistry, 50~2000HH
imaging 9 electronic devices, ageing
o : CDI for in situ surface
IDO3 - Surface|© in-situ studies of the
Diffraction structure and 5.30 |Processe(ms), heterogeneous \xipy 1o
Beamline morphology of surfaces catalysis, electrochemically _
P 9y controlled growth of corrosion
ID11 -
Materials high energy diffraction " 3D diffraction tomography
science and imaging 18~240 (point scanning) 208
beamline
ID15A -
Materials Diffraction contrast
Structure of |Chemistry and tomograth 20~500 |5D diffraction imaging 100HHK
Materials Materials Imaging, phase-contrast
Group Engineering
ID22 - High
resolution . .
XRD - X-ray diffraction
Q%I\r/gggon Powder diffraction 6~80 54
beamline
ID31 -
High—ener?y
beamline for . .
buried XRD —_X—ray _dlffractlon CTRs on the facets of H
: SAXS - small-angle 21~150 - 11HK
interface Xorav scatterin nanoparticles
structure and y 9
materials
processing
ID16A - Coherent imaging ;?Sé/rel;gi'cf:s;nﬁ'ray
Nano-imaging MicroXRF - micro X-ray | 17~336 nano-tomography, in-situ 20HH
Beamline fluorescence experiments
IDI6B - MicroXABNES - micro
. X-ray absorption . B
&rﬂoﬁ?galws near-edge structure 6~65 508
XRD - X-ray diffraction
fast 2D/3D in-vivo imaging of
ID17 - shole animal/or?an, high
Biomedical Imaging 25~185 |resolution CT of large objects |%|CH 100t}
X-ray Beamline (industrial), improved
Imaging complementarity with 1D19
Group —
detection in the 10 ps range,
ID19 - suitable to follow crack
Microtomogra imaging 10~250 |propagation in semiconductor | Z|C{f 100HY
phy beamline materials of fuel injection
processes in engines
MicroXANES - micro multi dimensional full field
ID21 - X-ray X-ray absorption spectroscopy (3D, 4D); time
Microscopy near-edge structure 21~92 |resolved spectroscopy, 15HK
Beamline XAS - X-ray absorption micrometric emission

spectroscopy

spectroscopy based on CDI
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ESRF (81%H)

ds24 Al (ESRF-EBS)

2 ulatoly - E :
T e MHI|™ (ESRF) OZLJ\;;I New type of experiments gt"g
ID02 -
Time-Resolved phase retrieval in small angle
Ultra ultra small-angle and 8~20 diffraction dynamics by 3t
Small-Angle wide-angle scattering exEIoiting the high degree of
X-Ray coherence and resolution
Scattering
IDO9 - White
Beam Station experiments with a time laser shocks in Mbar range,
- resolution down to 100 | 85~28 |[EOS in warm dense matter 20H
Time-resolved picoseconds and planetary research
Structure of |Beamline
Soft Matter
Group high-resolution X-ray
ID10 - Soft scattering and surface
interfaces and diffraction on liquid high pressure XPCS with 10 Cs:
coherent coherent small-angle 7~24 |nm resolution on 1 mm 60~100HY
scattering X-ray scattering, X-ray objects with CDI LSIS: 5Hf
beamline photon correlation
spectroscopy
; time and space resolution 20
ID13 - Microcrystallography ;
Microfocus SAXS - small-angle 7~30 pergoﬁ/r;% ?goo&sra?éospaaally 1044
Beamline X-ray scattering experiments
ID06 - Large under high pressure and P
Volume Press temperature conditions 3,55 ZICH 108
ID06 - Hard
X-ray hard X-ray microscopy 11~55
Microscope
ID15B - High
F)ri?fsrfatcj:;?on Powder diffraction 30 |use of coherence 504
Beamline
:\?Jcﬁe;r Nuclear resonance spin/valance/oxidations state
Resonance techniques 7~80 |selectivity, surface AHH
Dynamics & Beamline nanostructure mapping
Extreme
Conditions RIXS - resonant inelastic .
ID20 - : evolutional extreme
Group Inelastic X-ray scattering . 4~20 |conditions experiments and 244
Scatterin XAS - X-ray absorption mMaooin
9 spectroscopy PPINg
lPDr§s75u_reHigh Powder diffraction 20~90 nanosecond time resolved 100HY
Beamline XRD - X-ray diffraction laser shock experiments
IXS - inelastic X-ray
:r?glgs{ic scattering 1348~ )
: GID - grazing incidence | 258
Scattering I diffraction
ID28 Side 3 efficient measurements above )
Branch 50 GPa
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ESRF (81%H)

ds24 Al (ESRF-EBS)

T watoly " % : F
= ° HEHI|H (ESRF) OH«;IV)I New type of experiments -,:g"g
ultra low, ultra high p with
ID12 - Circular | © XAS - X-ray absorption high field combined with
Polarisation spectroscopy | 2~15 [XMCD, sub monolayer Z[CH 100HK
Beamline o XMLD - X-ray magnetic investigations on substrates,
linear dichroism polarisation dependent
spectroscopy
ID24 - Energy
Dispersive o XAS - X-ray absorption laser shocrli. dhynamical high
Electroni X-ray spectroscopy . . pressure, high temperature, %
St(?acrt%?éc& Absorption o XMLD - X-ray magnetic >~21 photocatalysis, solution |CH 2.58H
Magnetism |SPectroscopy linear dichroism chemistry (industrial)
Group Beamline
”:l))26 - X-ray |o E)éAFS - ex‘gcended X-ray
absorption absorption fine structure . . )
and emission |© RIXS - resonant inelastic| 24~2/ Photosynthesis
spectroscopy X-ray scattering
o XMCD - X-ray magnetic
ID32 - Soft X-ray| circular dichroism 03~16 |- )
spectroscopy o XAS - X-ray absorption T
spectroscopy
multi-crystal datasets,
ID23-1: Gemini -| ° IC\/IXSt;”rgagorﬁwolecular ultra-fast RT data collection;
Macromolecular | Mr),/AD : ?nuﬁi—%//vavelength 5~20 |serial crystallography; 108}
Crystallography . ; propagation-based phase
anomalous dispersion contrast imaging
|D23-2: Gemini -|
MX - macromolecular ultra fast room temperature
g?&gﬁg%%@r crystallography 142 14ata colleciton 108
MX - macromolecular .
ID29 MX ° serial crystallography,
Structural 1 hople crystallogralohy 6~20 |ultra-fast room temperature 10HH
biology microbeam ° MAD - multi-wavelength data collection
Group anomalous dispersion
:\[/)Iigél_;{ o Massively Automated 12.65
Sample Selection serial crystallography, multiple
ID30A-2 / Integrated Facility crystal analysis, optically )
MASSIF-2 - Macro”moleaﬁllar a aptifng beam to crystal
crystallography (CRL, focusing)
ID30A-3 / N - X- i i
MASSIF.3 XRD - X-ray diffraction | 1281
ID30B / MAD | © MX - macromolecular 6~20 serial crystallography, room oY

crystallography

temperature measurements
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<X 2.322> &= Diamond-ll(&-s&ah) glatel 4 (337])
- ) MSSEAL HISF EES]
HIgjo| AlS] 7| ) S
g2l M3 7| (Diamond-I) (D?amgn d?ll) (keV)
. . New position of
; Micro- and nano-focus in vacuum o
102-1 - Versatile beam, realigning 7~28 —
MX micro (VMXm) E:\?'/\jl);(mz)acromolecular crystallography equipment, hutch 5~30
changes
5 . In-situ microfocus macromolecular Upgrades completed|,q _-c _,
I,\%( 2/-,7 S%irsi?/tlll/&i) crystallography, Serial Synchrotron as part of ongoing 1053350
Crystallography upgrade program
Macromolecular crystallography (MX), . o
103 - MX Multiwavelength Anomalous Diffraction Nev(\; filters and 552530
(MAD) window ~
104 - Microfocus New filters and 6~18 —
MX MX, MAD window 6~30
II\(/)IA(;-r?oc_hromatic MX MX, XChem fragment screening Relocation(K04) 113’05325_)
- New ID to reduce
Angle-Resolved PhotoEmission Spectroscopy : 0.018~0.2
05 - ARPES heatload, otherwise
(ARPES) and nano-ARPES new M1 4
Improved cooling
X-ray Absorption Spectroscopy (XAS), X-ray for M1. And 0.08~2.2
106 - Nanoscience photoemission microscopy and X-ray magnetic |possible —
circular and linear dichroism replacement of M3, | 0.25~2.1
M6 optics
} Surface X-ray diffraction, Grazing Incidence
:gzerfasclérface and X-ray Diffraction (GIXD), Grazing Incidence gsp%r:r(%legfcgrr]g%lientged 6~30 —
Diffraction E{Qﬁélctﬁ/?t%/le(xﬁé?y Scattering (GISAXS), X-ray upgrade program 8~35
Relocation, but
BO7 - VERSOX: Ambient Pressure XPS and NEXAFS reusing current 0.25~2.8
Versatile Soft X-ray endstation
NEXAFS and High-Throughput XPS 0.05~2.2
108 - Scanning Scanning X-ray microscopy, NEXAFS/ New grating and 0.25~42
X-ray Microscopy XANES, X-ray fluorescence diagnostics : :
109 - Atomic and XPS (including HAXPES), X-ray Standing
Electronic Structure Waves (XSW), Near Edge X-ray Absorption |New mirrors SM1 0.1~2
of Surfaces and Fine Structure (NEXAFS), energy-scanned and HM3 :
Interfaces photoelectron diffraction
10 - BLAIfDE:
Beamline for . Improved cooling
Soft X-ray resonant scattering, XAS and .
@?ﬁrggits X-ray magnetic circular and ﬁnear dichroism L%rWMJréM%{ need |0.25~16
xperi
11 - High Upgrades completed 6~25
Resolution Powder |o X-ray powder diffraction as part of ongoing 9~35
Diffraction upgrade programme
ggﬁ”iact%ﬁl Imeging and Simultaneous imaging and diffraction rNeg\I/;/gng:[iecrft and 7~38
Tirﬁe—resol\:jed imaging and tomography
) e (phase- and attenuationcontrast), .
:E1n2 ineJ(EFiﬁ. Joint time-resolved powder diffraction, single Eggcr?‘ﬁteer? primary
Engironmeg%al and crystal diffraction, diffuse scattering, energy Increased shieldin 53~150
P " dispersive X-ray diffraction (EDXD), g
rocessing for hutches

highenergy small angle X-ray scattering
(under development)
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Phase contrast imaging, tomography, full-field
13 - X-ra microscopy (under commissioning), coherent
Imagin a)r/1d diffraction and imaging (CXRD,CDI), New CRL's, new 5.25
Cohgere%ce ptychography and photocorrelation optics
spectroscopy (XPCS) (under commissioning),
innovative microscopy and imaging
. Improved cooling
14 - Hard X-ray Sgggﬂg‘s%oé;a}étﬂgﬁgegsr%%nhcye’aﬁgay and performance on| 6~23 —
Nanoprobe transmission diffraction primary mirror 5~25
system
[15 - Extreme ; ; ; ; ; Heatload needs
Conditions Powder diffraction, single crystal diffraction mitigating, new 20~80
115-1 - XPDF o X-ray Pair Distribution Function (XPDF) filters
16 - Materials o Resonant and magnetic single crystal | 25,15
and Magnetism diffraction, fundamental X-ray physics gsp%;ar?egfcgr%%ﬁ]tgd :
B16 - Test Diffraction, imaging and tomography, .
beamline topography, reflectometry upgrade program 4~45
Y Micro XAS, micro Extended X-ray Absorption |Upgrades completed | 2~20.5
IS18e Ctr';AJESOfOCUS Fine Structure (EXAFS), micro fluorescence as part of ongoing -
P Py tomography, micro XRD upgrade program 2~27
New optics
B18 - Core XAS X-ray Absorption Spectroscopy (XAS) throughout and 2~35
extra shielding
119 -

) Upgrades completed o
gmalllel\él:%ﬁfaulle Small-molecule single-crystal diffraction as part of ongoing 55%530
Diffraction upgrade program
20 - LOLA: X-ray Absorption Spectroscopy (XAS), X-ray 426 —
Versatile X-ray Emission Spectroscopy (XES) and Energy New M1 and M2 4~34
Spectroscopy Dispersive EXAFS (EDE)

121 - Inelastic Resonant Inelastic X-ray Scattering (RIXS), g?gtlgfe% ck?n nbe?/v 0‘25_:'1'5
X-ray Scattering X-ray Absorption Spectroscopy (XAS) D 9 y 0.25~3
B21 - High BioSAXS, solution state small angle X-ray  |New front end and | 4 45
Throughput SAXS scattering optics
[22 - Small Angle . . .. |Upgrades completed
. Small angle X-ray scattering and diffraction: - 7~20 —

Scattering and S as part of ongoing "
Diffraction SAXS, WAXS, USAXS, GISAXS. Micro-focus. upgrade program 6~30
B22 - MIRIAM:
Multimode InfraRed|o IR micro- & nano-spectroscopy, IR imaging, |New front end and 1~100 um
Imaging And THz spectroscopy optics H
Mircrospectroscopy

Upgrades completed
[23 - Long Long wavelength macromolecular ; 3~8 —

as part of ongoing N
Wavelength MX crystallography upgrade program 2~11
B23 - Circular ; ; ; New front end and | 125~500
Dichroism Circular Dichroism (CD) optics nm
124 - Microfocus and Macromolecular crystallography, MAD, Serial gspg?r?eéfcgrr]n%lier;ced 6'5:)25
Serial MX Crystallography P going

upgrade program 5~30
B24 - Cryo New front end, new
Transmission X-ray Full field X-ray imaging M1 and other 0.2~2.6

Microscopy (TXM)

mirrors
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22 | watemeh i H| 1
==
Exploiting the brightest coherent hard
ultimate X-ray 10m in-vacuum X-ray nanobeam, multimodal 3D X-ray
microscopy undulator imaging down to 1nm resolution could be
realised using scanning coherent diffraction microscopy
) ; hard X-ray scanning microscopy with inelastic
)é]irca%ssécoanmng 10m undulator scattering (nanolXS) or nuclear resonant
Py scattering (nanoNRS) as contrast
a hi%h coherent photon flux in
dynamic coherence [10m in-vacuum the hard X-ray range to perform correlation
PETRA-IV|applications undulator spectroscopy experiments (XPCS)
HEE with high temporal resolution.
10m cryo-cooled or
high- X- ducti . . .
alpgplici\r;ieorgg ray is#_%:rccuounmuc Ing Compton tomography of biological specimens
undulator
two independent,
B optimised undulators
g‘gg’mﬁgur (e. g. 5m APPLE in spectroscopy and structure determination
sequence with 5m
standard undulator)
<¥E 2324> =2 PETRA-II & "lztel 74 (267()
TE 4 2t Q1 H (PETRA-III) HEYZXEE) | FXRALHX] (keV)
PO1 High Resolution Dynamics U32-10m 5~70
P02.1 Powder Diff. & Total Scat. U23-2m 60
P02.2 Extreme Conditions U23-2m 9~77
P03 Micro & Nano Focus X-ray Scat. U29-2m 8~23
P04 Variable Polarization XUV UE65-5m 0.25~3
PO5 Imaging (HZG) U29-2m 5~50
P06 Hard X-ray Micro/Nano-Probe U32-2m 2.4~100
Max von Laue p57”High-Energy Mat. Sci. (HZG) IVU21-4m 50~200
P08 High-Resolution Diffraction U29-2m 5~30
P09 Resonant Scattering & Diffraction U32-2m 2.7~50
P10 Coherence Applications U29-5m 4~25
P11 Bio Imaging & Diffraction U32-2m 2.4~30
P12 BioSAXS (EMBL) U29-2m 4~20
P13 Macromolec. Cryst. (EMBL) U29-2m 5~20
P14 Macromolec. Cryst. (EMBL) U29-2m 5~20
P21 Swedish Mat. Sci. BL U29-2m/IVU21-4m 40~150
P22 Hard X-ray Photoel. Spect. U33-2m 2.4~15
Ada Yonath Hall |P23 In-situ & Nano Diffraction U32-2m 5~35
P24 Chemical Crystallography U29-2m 8, 17~44
P25 HIMAX (A=) -
P61 High-Energy Wiggler BL wiggler-40m 50~200
P62 Small-Angle X-ray Scat. U32-2m 10~35
Paul Peter Ewald |[P63 Catalysis Beamline A =h -
Hall P64 Advanced XAS U32-2m 4~44
P65 Applied XAS U32-0.35m 4~44
P66 Time-Resolved Luminescence BM uv
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« Optics testing
» Detector testing  6~30 keV
1-BM-B,C + Topography + 50~120 keV
«  White Laue Single Crystal Diffraction
. High—ener%y x-ray diffraction
» Tomography
1.ID-BCE | Small-angle x-ray scattering « 41~136 keV reggm?gﬁddgéﬁfor
~ » Fluorescence spectroscopy e 45~116 keV distance extension
 Pair distribution function
» Phase contrast imaging
RN « Tomography « 10~170 keV
2-BM-AB « Phase contrast imaging STXM e 11~35 keV
* Microfluorescence (hardfx—ray)
« Micro x-ray absorption fine structure 10 nm Resolution
2-1D-D « Nano-imaging © 5~30 keV Bionanoprobe-I|
» Ptychography CDI
2-1D-E : %%gglrjsgﬁ;cence (hard x-ray) STXM e 5~20 keV Enhanced microprobe
« Nuclear resonant scattering . 727 keV
3-ID-B,C,D |+ Inelastic x-ray scatterin . 1441~14.42 keV KB-mirror system
» High-pressure diamond anvil cell ‘ ‘
« Magnetic circular dichroism (soft x-ray)
« X-ray magnetic linear dichroism
4-1D-C « X-ray photoemission spectroscopy e 400~2800 eV
« Anomalous and resonant scattering
(soft x-ray)
e Magnetic circular dichroism (hard x-ray)
« Anomalous and resonant scattering
4-1D-D (hard x-ray) o 2.7~40 keV
« Magnetic x-ray scattering
» High-pressure diamond anvil cell
4-1D-E « Synchrotron X-ray Scanning Tunneling 500~1800 eV
Microscopy (SX-STM)
« Powder diffraction
5-BM-C « Tomography e 10~42 keV
» Wide-angle x-ray scattering
« X-ray absorption fine structure . .
5-BM-D » High-energy x-ray diffraction . jg~§8 II:2¥
« General diffraction )
« Powder diffraction
» X-ray standing waves
« X-ray optics development/techniques
5-1D-B,C,D « Small-angle x-ray scattering e 6~17.5 keV I\L/Ijg%?c%?gmi?ér
« Surface diffraction
e X-ray reflectivity
»  Wide-angle x-ray scattering
. Enekr]gy dispersive Ix-ray <|:Iiffraction
BN e High-pressure multi-anvil press . N
6-BM-AB . Radiography 20~200 keV
» Tomography
« Magnetic x-ray scattering
« Anomalous and resonant scattering Beryllium paraboloid CRL
6-ID-B,C . g:r:(ejre)l(l_rg%)fraction © 4~38 keV lenses with transfocator
« Grazing incidence diffraction
« High-energy x-ray diffraction . N Aluminum paraboloid
6-1D-D « Powder diffraction . ;8~1g8 tg¥ CRL lenses with

Pair distribution function

transfocator
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https://www.aps.anl.gov/Beamlines/Directory/Details?beamline_id=1
https://www.aps.anl.gov/Beamlines/Directory/Details?beamline_id=2
https://www.aps.anl.gov/Beamlines/Directory/Details?beamline_id=3
https://www.aps.anl.gov/Beamlines/Directory/Details?beamline_id=5
https://www.aps.anl.gov/Beamlines/Directory/Details?beamline_id=61
https://www.aps.anl.gov/Beamlines/Directory/Details?beamline_id=6
https://www.aps.anl.gov/Beamlines/Directory/Details?beamline_id=7
https://www.aps.anl.gov/Beamlines/Directory/Details?beamline_id=31
https://www.aps.anl.gov/Beamlines/Directory/Details?beamline_id=216
https://www.aps.anl.gov/Beamlines/Directory/Details?beamline_id=41
https://www.aps.anl.gov/Beamlines/Directory/Details?beamline_id=8
https://www.aps.anl.gov/Beamlines/Directory/Details?beamline_id=9
https://www.aps.anl.gov/Beamlines/Directory/Details?beamline_id=213
https://www.aps.anl.gov/Beamlines/Directory/Details?beamline_id=10
https://www.aps.anl.gov/Beamlines/Directory/Details?beamline_id=104

TR AlS 7| dsgd U
« Radiography e 5~150 keV
7-BM-B « Tomography e 6~15 keV
« Microfluorescence (hard x-ray) STXM « 15~60 keV
e Time-resolved x-ray scattering Nanofocusing KB mi
7.D-BCD |° Time-resolved x-ray absorption fine « 6~18 keV anofoc BB e mirror
- structure e 12~26 keV Deteyctor arm
» Phase contrast imaging
8-BM-B « Microfluorescence (hard x-ray) STXM e 9~18 keV
8-ID-E « Grazing incidence small-angle scattering|e 7.35~7.35 keV
» X-ray photon correlation spectroscopy [+ 10.9~10.9 keV
« X-ray photon correlation spectroscopy |¢ 7.35~7.35 keV
8-ID-I 1 :
+ Small-angle x-ray scattering « 10.9~109 keV
« X-ray absorption fine structure
9-BM-B.C . X—ra¥ absorgtion near-edge structure 21~22.5 keV
« Nano-imaging
« Microfluorescence (hard x-ray)
9-1D-B,C . Ptychograf)hy e 45~30 keV
+ Ultra-small-angle x-ray scattering
» Tomography
»  X-ray abs?rp(';ion fine gtructure .
« Time-resolved x-ray absorption fine
10-BM-AB i y 4~32 keV
»  Microfluorescence (hard x-ray)
« X-ray absorption fine structure
« Time-resolved x-ray absorption fine
10-1D-B structure e 48~32 keV
» Microfluorescence (hard x-ray) e 15~65 keV
e X-ray photoemission spectroscopy
« X-ray emission spectroscopy
11-BM-B + Powder diffraction e 15~33 keV
11-ID-B « Pair distribution function « 5866 keV
+ High-energy x-ray diffraction e 86.7 keV
. Hi?h—energy x-ray diffraction
11-1D-C « Diffuse x-ray scattering « 105.7 keV
« Pair distribution function
« Time-resolved x-ray absorption fine Multiple sets of
11-1D-D structure e 6~25 keV compound refractive
+ Time-resolved x-ray scattering lenses
« X-ray absorption fine structure
12-BM-B « Small-angle x-ray scattering : ?05:438 kk:\y
+  Wide-angle x-ray scattering
» Small-angle dx-ray scattltleringI
IR + Grazing Incidence small-angle scattering|, .
12-ID-B + Wide-angle x-ray scattering 7.9~14 keV
» Grazing incidence diffraction
« Small-angle x-ray scattering
« Grazing incidence small-angle scatterin 12-meter-Long SAXS
12-ID-C.D . Wide—gngle X-ray scatteringg I 4540 kev tﬁsb/f@”%';’éﬁ ﬂﬁ%ﬁiﬂi’
 Surface diffraction
« Surface diffraction
13-BM-C » High-pressure diamond anvil cell : ;gngZSkgvkeV
« Single-crystal diffraction ) )
« Tomography
13-BM-D « High-pressure diamond anvil cell « 45~100 keV

High-pressure multi-anvil press
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https://www.aps.anl.gov/Beamlines/Directory/Details?beamline_id=108
https://www.aps.anl.gov/Beamlines/Directory/Details?beamline_id=11
https://www.aps.anl.gov/Beamlines/Directory/Details?beamline_id=33
https://www.aps.anl.gov/Beamlines/Directory/Details?beamline_id=109
https://www.aps.anl.gov/Beamlines/Directory/Details?beamline_id=12
https://www.aps.anl.gov/Beamlines/Directory/Details?beamline_id=82
https://www.aps.anl.gov/Beamlines/Directory/Details?beamline_id=13
https://www.aps.anl.gov/Beamlines/Directory/Details?beamline_id=102
https://www.aps.anl.gov/Beamlines/Directory/Details?beamline_id=14
https://www.aps.anl.gov/Beamlines/Directory/Details?beamline_id=90
https://www.aps.anl.gov/Beamlines/Directory/Details?beamline_id=16
https://www.aps.anl.gov/Beamlines/Directory/Details?beamline_id=15
https://www.aps.anl.gov/Beamlines/Directory/Details?beamline_id=17
https://www.aps.anl.gov/Beamlines/Directory/Details?beamline_id=18
https://www.aps.anl.gov/Beamlines/Directory/Details?beamline_id=110
https://www.aps.anl.gov/Beamlines/Directory/Details?beamline_id=19
https://www.aps.anl.gov/Beamlines/Directory/Details?beamline_id=96
https://www.aps.anl.gov/Beamlines/Directory/Details?beamline_id=20
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13-ID-C,D

Surface diffraction

X-ray standing waves
Microdiffraction

X-ray absorption fine structure
Resonant inelastic x-ray scattering
High-pressure diamond anvil cell
High-pressure multi-anvil press
X-ray emission spectroscopy

4.9~45 keV
10~75 keV

Repolish KB mirrors
(1000 mm),
Repolish KB mirrors (350
mm)

13-ID-E

Microfluorescence (hard x-ray)

Micro x-ray absorption fine structure
Microdiffraction

Fluorescence spectroscopy

2.4~28 keV
54~28 keV

New dual horizontal
mirrors (500 mm),
Repolish two sets of KB
mirrors (250 mm),
Double crystal
monochromator
enhancement

14-BM-C

Macromolecular crystallography
Fiber diffraction
Biohazards at the BSL2/3 level

8~14.9 keV

14-1D-B

Time-resolved crystallography
Time-resolved x-ray scattering
Laue crystallography
Wide-angle x-ray scatterinlg
Biohazards at the BSL2/3 level
Macromolecular crystallography
Serial Crystallography

7~19 keV

15-1D-B,C,D

Resonant diffraction (DAFS)-single
crystal

High—Fressure diamond anvil cell-single
crysta

Photo-crystallography

Single-crystal diffraction

Liquid interface scattering

Liquid interface spectroscopy
Anomalous Small Angle X-ray
Scattering

5.5~32 keV
10~70 keV

New single harmonic
rejection mirror system

16-BM-B

White Laue Single Crystal Diffraction
Energy dispersive x-ray diffraction
Phase contrast imaging

Radiography

Pair distribution function

10~120 keV

16-BM-D

Powder angular dispersive x-ray
diffraction

Single-crystal diffraction

X-ray absorption near-edge structure
X-ray absorption fine structure
Tomography

6~45 keV

16-1D-B

Microdiffraction
Single-crystal diffraction

18~50 keV

16-1D-D

Nuclear resonant scattering
Inelastic x-ray scattering (1 eV
resolution)

X-ray emission spectroscopy

5~37 keV
14.41~14.42 keV

17-BM-B

Powder diffraction
Pair distribution function

27~51 keV

17-1D-B

Macromolecular crystallo?raphgf .
Multi-wavelength anomalous dispersion
Microbeam

Single-wavelength anomalous dispersion|®

Large unit cell crystallography
Subatomic (<0.85 A) resolution

6~20 keV

18-ID-D

Fiber diffraction
Microdiffraction

Small-angle x-ray scattering
Time-resolved x-ray scattering

3.5~35 keV
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https://www.aps.anl.gov/Beamlines/Directory/Details?beamline_id=21
https://www.aps.anl.gov/Beamlines/Directory/Details?beamline_id=62
https://www.aps.anl.gov/Beamlines/Directory/Details?beamline_id=22
https://www.aps.anl.gov/Beamlines/Directory/Details?beamline_id=30
https://www.aps.anl.gov/Beamlines/Directory/Details?beamline_id=81
https://www.aps.anl.gov/Beamlines/Directory/Details?beamline_id=87
https://www.aps.anl.gov/Beamlines/Directory/Details?beamline_id=100
https://www.aps.anl.gov/Beamlines/Directory/Details?beamline_id=43
https://www.aps.anl.gov/Beamlines/Directory/Details?beamline_id=97
https://www.aps.anl.gov/Beamlines/Directory/Details?beamline_id=88
https://www.aps.anl.gov/Beamlines/Directory/Details?beamline_id=24
https://www.aps.anl.gov/Beamlines/Directory/Details?beamline_id=25

e

ol x|

Macromolecular crystallo?raphg{ .
Multi-wavelength anomalous dispersion
Single-wavelength anomalous dispersion

6~18.5 keV

19-ID-D

Macromolecular crystallography
Multi-wavelength anomalous dispersion
Large unit cell crystallography

Serial Crystallography

Single-wavelength anomalous dispersion
Subatomic (<0.85 A) resolution

6~19 keV

20-BM-B

X-ray absorption fine structure
Microfluorescence (hard x-ray)

2.7~32 keV
2.7~35 keV

20-ID-B,C

X-ray absorption fine structure
X-ray Raman scattering

Micro x-ray absorption fine structure
Microfluorescence (hard x-ray)

X-ray emission spectroscopy

4.3~27 keV
7~52 keV

21-ID-D

Macromolecular crystallography

6.5~20 keV

21-ID-E

Macromolecular crystallography

12.6~12.8 keV
13.3~13.7 keV

21-1D-F

Macromolecular crystallography

12.7 keV

21-1D-G

Macromolecular crystallography

12.7 keV

22-BM-D

Macromolecular crystallography )
Single-wavelength anomalous dispersion
Multi-wavelength anomalous dispersion

8~16 keV

22-1D-D

Macromolecular crystallography

Multi-wavelength anomalous dispersion |,

Single-wavelength anomalous dispersion
Microbeam

6~16 keV

23-1D-B

Macromolecular crystallography
Microbeam

Large unit cell crystallography
Subatomic (<0.85 A) resolution
Multi-wavelength anomalous dispersion
Single-wavelength anomalous dispersion

3.5~20 keV

23-ID-D

Macromolecular crystallography
Microbeam

Large unit cell crystallography
Subatomic (<0.85 A) resolution
Multi-wavelength anomalous dispersion
Single-wavelength anomalous dispersion
Serial Crystallography

11~13.5 keV

24-ID-C

Macromolecular crystallography
Microdiffraction

Single-wavelength anomalous dispersion
Single-crystal diffraction

Microbeam

Multi-wavelength anomalous dispersion
Subatomic (<0.85 A) resolution

6.5~20 keV

24-1D-E

Macromolecular crystallography
Microbeam

Microdiffraction

Single-wavelength anomalous dispersion
Single-crystal diffraction

12.68 keV

26-ID-C

Nano-imaging

Nanodiffraction

Coherent x-ray scattering

Synchrotron X-ray Scanning Tunneling
Microscopy (SX-STM)

7~12 keV

Stacked zone plate
optics,
High-speed high-range
Nanoprobe scanning
upgrade

27-1D-B

Resonant inelastic x-ray scattering

5~14 keV

Extension of the
high—ener%y—resolution
monochromator,
RIXS spectrometer
upgrade

* 2-126 *


https://www.aps.anl.gov/Beamlines/Directory/Details?beamline_id=26
https://www.aps.anl.gov/Beamlines/Directory/Details?beamline_id=27
https://www.aps.anl.gov/Beamlines/Directory/Details?beamline_id=32
https://www.aps.anl.gov/Beamlines/Directory/Details?beamline_id=28
https://www.aps.anl.gov/Beamlines/Directory/Details?beamline_id=101
https://www.aps.anl.gov/Beamlines/Directory/Details?beamline_id=107
https://www.aps.anl.gov/Beamlines/Directory/Details?beamline_id=94
https://www.aps.anl.gov/Beamlines/Directory/Details?beamline_id=95
https://www.aps.anl.gov/Beamlines/Directory/Details?beamline_id=85
https://www.aps.anl.gov/Beamlines/Directory/Details?beamline_id=44
https://www.aps.anl.gov/Beamlines/Directory/Details?beamline_id=91
https://www.aps.anl.gov/Beamlines/Directory/Details?beamline_id=34
https://www.aps.anl.gov/Beamlines/Directory/Details?beamline_id=86
https://www.aps.anl.gov/Beamlines/Directory/Details?beamline_id=93
https://www.aps.anl.gov/Beamlines/Directory/Details?beamline_id=92
https://www.aps.anl.gov/Beamlines/Directory/Details?beamline_id=212
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(APS-U

29-ID-C,D

Resonant soft x-ray scattering (RSXS)

Angle-resolved photoemission
spectroscopy (ARPES)

250~2200 eV
2200~3000 eV

30-1D-B,C

Inelastic x-ray scattering
Nuclear resonant scattering

23.7~23.9 keV

~ New cryogenic
high-energy resolution
monochromator

31-1D-D

Macromolecular crystallography

. . . L]
Single-wavelength anomalous dispersion

5~22 keV

32-ID-B,C

Phase contrast imaging
Radiography

Transmission x-ray microscopy
Tomography

7~40 keV

Pair of small deflecting
multilayer (ML) mirrors
and hardware,
Dual-beam instrument

33-BM-C

Diffuse x-ray scattering

General diffraction

Powder diffraction

X-ray reflectivity

Grazing incidence diffraction
Anomalous and resonant scattering
(hard x-ray)

5~35 keV

33-ID-D,E

Anomalous and resonant scattering
(hard x-ray)

Diffuse x-ray scattering

General diffraction

Surface diffraction

Surface diffraction (UHV)

X-ray reflectivity

5~30 keV

34-1D-C

Coherent x-ray scattering

5~15 keV

34-1D-E

Microdiffraction

Laue crystallography
Microbeam

Microfluorescence (hard x-ray)

7~30 keV

35-1D-B,C.D,E

Time-resolved x-ray scattering
Phase contrast imaging
Radiography

7~35 keV
7~100 keV
24~24 keV
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https://www.aps.anl.gov/Beamlines/Directory/Details?beamline_id=112
https://www.aps.anl.gov/Beamlines/Directory/Details?beamline_id=89
https://www.aps.anl.gov/Beamlines/Directory/Details?beamline_id=45
https://www.aps.anl.gov/Beamlines/Directory/Details?beamline_id=84
https://www.aps.anl.gov/Beamlines/Directory/Details?beamline_id=83
https://www.aps.anl.gov/Beamlines/Directory/Details?beamline_id=29
https://www.aps.anl.gov/Beamlines/Directory/Details?beamline_id=42
https://www.aps.anl.gov/Beamlines/Directory/Details?beamline_id=204
https://www.aps.anl.gov/Beamlines/Directory/Details?beamline_id=211
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<I 233.1> A9E MAX-IV &iztel 74 (1671)

X KpH] = TSV TR
A | waey | G 47|y SRR | s FERISFE
KAW &
2.4~40 keV L:
Balder 3 GeV XAS, XES Swe 20194~
(100um x 100um) | niversities
MX, MAD, SAD, SSAD, Large Ty KAW &
BioMAX | 3 GeV | sample ensemble screening, In & Swe 20174~
Feitu crystal diffraction (20pm x SUm) |y hiversities
high resolution angle-resolved
hotoelectron spectroscoply 10~100Q eV KAW &
Bloch |1.5 GeV|(ARPES), optionally spin resolved|  (10pm x 25um, ‘Swe | 20194~
(Spin-A PESZ and core-level VxH) universities
spectroscopy.
Time-resolved X-ray scattering, 18~20 keV KAW &
Linac Time—resolvecP/X—ra o N
FemtoMAX!| FE(y | spectroscopies, Time—resyol\(ed (O.O1mr{1/xxH()).04mm, univsé/\r/seities 20214~
Phase | SAXS, Time-resolved reflectivity
FinEstBeA 4.3~1000 eV Estonia &
KAW &
110~2000 eV L
HIPPIE 3 GeV AP-XPS, AP-XAS Swe 2018~
(50pm x 50pm) Iy niversities
Scannin trz;?smis?lion microscopy
-ray fluorescence
. RF) Coherent 5~30 keV KAW & L:
NanoMAX | 3 GeV | istrattion imading tachniguse (CDI (300nm~30nm, Swe | 20173~
Ptychograph gm%onNardqdirecgion) Goal: 10nm) universities
and Bragg geometry
KAW &
: 275~1000 eV L:
Veritas | 3 GeV RIXS Swe 20194 ~
(Tum x 5pm) universities
SAXS, BioSAXS, Time resolved
CoSAXS | 3 GeV | = SAXS, Micro' beam SAXS, 4~20 ke VR | 2020~
Anomalous SAXS, XPCS (100um x 100um)
High-resolution XPS and XAS,
BRI HSE | 0 1509 e
FlexPES 1.5 GeV| Yaience band sgectrqscopy (50um~2mm) VR 2020 ~
(ARPES), electron-ion
coincidence experiments
LEEM, DF-LEEM, UVPEEM
Phase |l XPEEM, DF-XPEEM, 30~1200eV
MAXPEEM |15 GeV| . XPEEM, DF-XPEEM, (16m i Toum, VR | 20201~
XMCD, micro-XAS
STXM, Ptychography, Fouri 2205 Soosmm™
- , Ptychography, Fourier nm, 5
SoftiMAX | 3 GeV Transform I%ol%gyraphy Ptycho/ .20um, VR 20204
Fourier)
27~1500 eV
SPECIES |15 GeV RIXS, NEXAF)%A%(PS, HP-XPS, (S'IIV(I)r(T)]XZrT?)L(J%OE%S/ Y(RAV%/L 20204 ~
P-XPS)
Full P e raction. 15~35 keV. D k
ull-field imaging, absorption, ~ e enmar B
DanMAX | 3 GeV phase and di ra%tlon coFr)wtrast (5um~5mm) & MAX Iv| 20214
tomography
Full-field tomography, SWAXS, 8~25 keV N
Phase Ill| ForMAX | 3 GeV | 304 scanning SWAXE imaging (10um~1.5mm) KAW | 2022
c I\{[Ialclromolﬁcula,g[hSerial.d 530 keV
. rystallogra with a wide ~ e
MicroMAX| 3 GeV r%nge of s%rr)(ple delivery (Tum~10um) NNF 2022 ~

systems, time-resolved studies
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N AFOIZFK| [ZXPOLX]|
o Ambient-pressure X-ray photoelectron
BL-I spectroscopy ) In-vacuum 220 keV
(X-ray operando |o Ambient-pressure X-ray absorption fine structure plane (100nm)
spectroscopy) spectroscofpy undulator
o X-ray diffraction
BL-I o Scanning transmission X-ray microsco .
(X-ray structural |, Small—ar%g le/wide-angle X—r)a/ scatterinon Multipole | 2~20 keV
and electronic-state | | X bg tion fi 9 t ty t 9 wiggler (50um)
total analysis) -ray absorption fine structure spectroscopy
° thay absorption, imaging
BL-I o Phase contrast imaging . .
(X-ray multiscale |o Scanning X-ray fluorescence imaging vatjiglc_;pl(e):e 4.412588mk)ev
structure analysis) | o X-ray diffraction
o X-ray fluorescence holography
BL-IV o Coherent X-ray diffraction imaging In-vacuum | 0-13~2 keV
(X-ray coherent | ° X—raﬁ ptychography — plane (>0um)
imaging) o Pthchography X-ray absorption fine structure undulator | (100nm,
9ing spectroscopy focused)
o Soft X-ray phase-contrast imaging
o Scanning transmfilssion imaging
BL-V © Scanning X-ray fluorescence imaging APPLE  10.13~2 keV
(Soft X-ray o Soft X-ray magnetic imaging undulator '(< SOnme)
magnetic imaging) |© X-ray magnetic circular dichroism
o X-ray magnetic linear dichroism
o X-ray magneto-optical Kerr effect
BL-VI
(Soft X-ray o Nanoscale photoemission spectroscopy APPLE |0.05~1 keV
eIectrorlﬂc.state o Resonant Inelastic X-ray scattering undulator | (< 50nm)
analysis)
BL-VII o Near ambient pressure X-ray photoemission
(Soft X-ray spectroscopy APPLE |0.13~2 keV
operando o Near ambient pressure X-ray absorption fine structure undulator | (< 50nm)
spectroscopy) Spectroscopy
BL-VIII
(rs‘g:]toggfey o Nanoscale spin-resolved angle-resolved photoemission APPLE [0.05~1 keV
photoemission spectroscopy undulator | (50nm-Tum)
spectroscopy)
BL-IX o X-ray magnetic circular dichroism
(Soft X-ray o X-ray magnetic linear dichroism Segnc]ente 0.13~2 keV
nanoscale o X-ray magneto-optical Kerr effect APPLE | (POnm-10u
absorption o X-ray linear dichroism undulator m)
spectroscopy) o X-ray ferromagnetic resonace spectroscopy
fBL—X
(Soft X-ray o Su . . . .
e . perhigh-resolution resonant inelastic X-ray APPLE |0.25~1 keV
superhigh-resolution scattering undulator | (<500nm)

resonant inelastic
scattering)
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<¥ 2333> &= HEPS gzl 74 A ZF (147])
glalo] - AFOIXEX kXl
e watery M7y 485 | SuE
© high resolution X-Ray Fluorescence
NAMI imaging (n-XRF) Cryo-cooling
1 (hard X-ray nanoprobe | o Ptychography Permanent | c 53 oy
multimodal imaging |© nano X-ray diffraction (n-XRD) Magnet
beamline) o X-ray Absorption Near Edge Structure Undulator
spectroscopy (n-XANES)
EM
2 (Engineering materials | o X-ray diffraction/scattering CPMU 50-170keV
beamline)
SDB o X ra%/ diffraction/scattering
3 (Structural Dynamic | o ultrafast X-ray techniques including phase CPMU > 20 keV
Beamline) contrast imaging
HXCS o Coherent Diffractive Imaging (CDI)
4 (Hard X-ray Coherent |©o X-ray Photons Correlation Spectroscopy CPMU 7-25keV
Scattering Beamline) (XPCS)
HXHRS o hi .
) . gh energy resolution nuclear .
s | e e s | redonance scarening s |22mevars
Spectroscopy Beamline) o resonant inelastic X-ray scattering
o X-ray diffraction method under .
6 High Pressure Beamline| extreme conditions 'S&é%ﬁ:gon: 20-50keV
o high pressure imaging and PDF
Hard X-ray imaging |© SRX in-line phase contrast imaging CPMU, )
/ beamline o diffraction contrast imaging wiggle 10-300 kev
X-ray absorption ST In air _
8 spectroscopy beamline ° high-brightness XAFS undulator | 48 45keV
o surface X-ray scattering
Low-dimensional o resonant and non-resonant surface in-vacuum
9 structure probe X-ray diffraction undulator 4.8-40keV
beamline o incidence X-ray photon correlation
spectroscopy (GIXPCS)
M|crofocu5|n? X-ray In air
10 protein crystallography | © x-ray protein crystallography beamline dul 5-18keV
beamline unaulator
Pink Beam SAXS out of 8~12
11 ; o SAXS/WAXS vacuum :
Beamline undulator 33 keV
High Resolution
12 St'\:jgt?fr‘;a'gpgﬁfggggy o W-ARPES and nano-ARPES APPIe-KNOT | 500-2000ev
Beamline
© absorption spectroscopy experiments .
13 | Tender X-ray Beamline with fluorescence and transmission bending 2.1-7.8keV
mode magnet
14 Transmission X-ray g ;UAI\INfIiEeSIdXX—ray irt;wagintg d in-air 5-15keV
Microscope Beamline (X-ray absorption near edge undulator T1oKe

structure)
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N APOIZFX| [ XpHl
o watoly a3 "85 | Siux
Carnalba (Coherent
X-rAy NAnoprobe o X-Ray Nanoscopy ID 2~15 keV
BeAmline)
CaterTeitrﬁE(CRcl)EP;glrsgé And| Coherent and Time-resolved X-ray D 520 keV
scatTEring) Scattering
1-A C%Mnﬁ\iti(g)r(mtrf—nr]aey o é—raé/. Spectroscopy e Diffraction in Extreme D 27~30 keV
Methods of Analysis) onditions
Manaca .
(MAcromolecular micro ° Macromolelcl:ular l\/#cro and ID 5~20 keV
and NAnoCrystAllography) Nanocrystallography
} ——— 22 | 39 |
Mogno o X-ray Micro- and Nanotomography TBA 675 keV
Imbuia (Infrared Micro 550~3500
and Nanospectroscopy |© Infrared Micro and Nanospectroscopy BM cm-
Beamline)
Inga o Inelastic X-ray Scattering TBA TBA
Ipé (Inelastic and o Hi .
- gh Resolution UV and Soft X-ray .
F;hoto Electron Spectroscopy ID 0.1~2 keV
pectroscopy)
. o High Energy X-rays Tomography and .
Jatoba Diftraction TBA [40~70 keV
1-B Paineira o Powder Diffraction TBA | 5~30 keV
Quiati kSQUiCk X-Ray
Absorption .
Spectroscopy for ° éérsag/lu%%%ctroscopy with Temporal TBA |4.5~35 keV
TIme-Resolved
experiments)
Sabia (Soft X-Ray
ABsorption o Soft X-Ray Absorption Spectroscopy .
Spectroscopy and and Imag%/ng TBA | 0.1~2 keV
ImAging)
Sapucaia o Small Angle X-ray Scattering TBA | 6~17 keV
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<E 241.1> Hlo| 22k - vlo|2AZkARE g2tel TF oAt
" EAIQIH
@ = Coyoral e
1. 8 ©YEA) (1,000)
® In-vacuum undulator 1,000
2. K| (HE/2EFR]) | (2,200)
® Focus mirror HM 500
@ Focus mirror VM 500
® Double Crystal
Monochromator 1,000
@ Exit Slit 200
3. @il P,
HO[EfAIAR, 5%] (3,500
@ U3EH=Z 330 lon pump & controller, turbo pump, rotary or vane pump
@ TIS%EH| 500 gate valve, angle valve, bellows, nipples, gasket, bolts & nuts
® support & girder 200 smart girder & support
@ ZickdH|ePM TIB3E) 370 | BPM, ZlE3ZH(lon gauge, cold cathode gauge)
® shutter 300 F.E beam stopper, FCS, photon mask / End-station shutter
® dZ A utility 200 | cooling system & utility / gas

@ BL control electronics 400
(interlock, FX}/H7()

control & DAQ, S/W, 200
program server

® BL monitoring & data

safety & interlock system, TX/Z7| A[AH]
control & DAQ, program server system

400 real time monitoring, data storage room & equipment

storage
Optical Hutch 200
@ Experimental Hutch 400 interlock =2t
4. 2K (6,300)

@ Fast readout Detector

EGER2 x 4M A5 opy | 2200
@ Automatic Sample
Changer 3 ';:g] 1,500
(HPLC, MALS, DLS S)
® gﬂEi A8 ZEd | 5
HFE, storage
© @atolE, e s | 150
6 d34ds7| 950
® AIREH|, ZITHEX| 250
g A 13,000
HEEAZ | 13,000

XA A=
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<IE 2412> =™ Fx 24 detel FF of Lt

~ ZAAHH|
g = (Her) ol =
1. 3 HYEA) (1,000)
® In-vacuum undulator 1,000
2. IR (HZ/2EER) | (2,400)
® Focus mirror 800
@ Double Crystal
Monochromator 1,000
® Exit Slit 600
3. ®2tQl P
HOIEIA| AR, 31| (3.300)
@ 3HEZ= 200 lon pump & controller, turbo pump, rotary or vane pump
@ TS%H| 400 | gate valve, angle valve, bellows, nipples, gasket, bolts & nuts
® support & girder 150 smart girder & support
@ ZIThH|ePM THEEE) | 250 | BPM, 21EEH(lon gauge, cold cathode gauge)
® shutter 200 F.E beam stopper, FCS, photon mask / End-station shutter
® Wz A utility 200 | cooling system & utility / gas
@ BL control electronics . RKh/ AEl
interlock, Mxt/d7]y | 600 safety & interlock system, HXt/Z7| A|AH
control & DAQ, S/W, 200 control & DAQ, program server system
program server
© BL monitoring & data 500 real time monitoring, data storage room & equipment
storage
Optical Hutch 200
@ Experimental Hutch 400 | interlock =gt
4. HEFA (7,300)
@ XRD Detector
(1D, 2D, analyzer) 2,500
@ EXAFS Detector 1300 |¥EAE7| =gt
® Y EHA 600
@ Focusing&Scanning,
ABs0= 1,000
HO|E2Ag T2 13, HEE 50
2| " 7|(HRPD 2|3 1,400
® XRD End-station 1,600 | EtH0lS, SEHEA 50
Cryostat 50
Gas-absorption HH 50
HOlH 248 Z213, HFH 50
® EXAFS End-station 300 Ge array detector 200
Alsl AH|O|X| 50
g A 14,000
e YREHS | 14,000
B X XH=
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~ ZAAHH|
g = (Her) ol =
1. 3 HYEA) (1,000)
® In-vacuum undulator 1,000
2. IR (HUZ/2EEK) | (2,650)
® Focus mirror1 200
@ Focus mirror2 &
Grating system 2,000
® Focus mirror3 250
@ Exit Slit 200
3. W2pQl L,
GlOIE{AI AR, 3% (3:400)
@ MSHEHZ= 350 lon pump & controller, turbo pump, rotary or vane pump
@ ZIS%H| 400 | gate valve, angle valve, bellows, nipples, gasket, bolts & nuts
® support & girder 200 smart girder & support
@ ZIcPEH|ePM TISEH 300 | BPM, ZlE=(lon gauge, cold cathode gauge)
® shutter 250 F.E beam stopper, FCS, photon mask / End-station shutter
® dZ A utility 200 | cooling system & utility / gas
@ BL control electronics . RKL/E T A|AE
(interlock, MX}/H 7)) 600 safety & interlock system, FX}/Z7| A[AH
control & DAQ, S/W,
program server 200 control & DAQ, program server system
© BL monitoring & data 400 real time monitoring, data storage room & equipment
storage
Optical Hutch 200
@ Experimental Hutch 300 | interlock 23t
4. HEHA (8,450)
@ XAS Detector 3350 |Ht=A Lt=H7] =4
@ XPS Detector 3,000 |Zone plate %, Bt X Li=37| 24
® AMEESCHR, 500
A2 AT HAPEA
@ pump&probe A|AH 500 Laser
HolEHeMe T2, HEE 100
® XAS End-station 500 In-situ analyzer & 24&X| 250
Y HH 150
HOlH 248 =213 HAFH 100
In-situ analyzer & &41&X| 250
® XPS End-station 600 | EHHO|2 & 50
Cryostat 50
HYMY (A& stage &) 150
g A 15,500
2 YREH= | 15500
- X XH=
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~ ZAAHH|
g = (Her) ol =
1. 8 (HAZA) (2,000)
@ EPU 2,000 Elliptically Polarized Undulator
2. IR (AZ/2EER) | (5,800)
® Focus mirror1 250 with feedback system
@ Focus mirror2 &
Grating system 2,500
® Focus mirror3 250
@ Refoaussing mrimor system 500
® Exit Slit 150
® Capillary Optics 2,000
3. 2l P,
OIE{AI2E, S1%] (2,500
@ I3H= 200 lon pump & controller, turbo pump, rotary or vane pump
@ TIS%EH| 400 gate valve, angle valve, bellows, nipples, gasket, bolts & nuts
® support & girder 150 smart girder & support
@ TITPEH|EPM TI3E) 200 BPM, T35 7d(lon gauge, cold cathode gauge)
® shutter 150 F.E beam stopper, FCS, photon mask / End-station shutter
® dZ+ A utility 150 | cooling system & utility / gas
@ BL control electronics . KX/ AEl
(interlock, H X}/ 7)) 350 | safety & interlock system, T™XL/Z17| A|AH
control & DAQ, S/W, 150 control & DAQ, program server system
program server
© BL monitoring & data 250 real time monitoring, data storage room & equipment
storage
Optical Hutch 200
@ Experimental Hutch 300 interlock =gt
4. HEFA (4,500)
@ Nano-ARPES AZE7| | 2,500
@ A=z FX| 500
HiO|EgA4g 23 HEH 50
® XAS End-station 1,500 | In-situ analyzer & 24%X[ 1,300
A ®H 150
g A 14,800
e HEREEAS | 14,800
B XHEIXt=
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<IH 24.15> A2 dAM 3H g2tel FF o
~ ZAlH
1. S HLEA) (1,200
@® Undulator 1,200
2. IR (HZ/2EER) | (2,400)
® Focus mirror1 1,000
@ Monochromator 1,400
3. |2l P,
HlO|E{A|2H, S1%] (2300
@ MU3E=Z 100 lon pump & controller, turbo pump, rotary or vane pump
@ TIS%EH| 400 gate valve, angle valve, bellows, nipples, gasket, bolts & nuts
® support & girder 100 smart girder & support
@ ZiThdd|ePMm TISEH 200 | BPM, TEZH(lon gauge, cold cathode gauge)
® shutter 150 F.E beam stopper, FCS, photon mask / End-station shutter
® d4Z+ U utility 150 | cooling system & utility / gas
@ BL control electronics . RXL/A 7| A|AE
(interlock, I X/F7]) 250 | safety & interlock system, HXt/H7| A[AE
control & DAQ, S/W,
program server 200 control & DAQ, program server system
© BL monitoring & data 250 real time monitoring, data storage room & equipment
storage
Optical Hutch 200
@ Experimental Hutch 300 | interlock Z&t
4. HEEXK| (7,100)
® Scattering ?:-!E?I _R O|= HZE7| mst
(Diffraction) 2400 |K-B O/2], XRF HA=7| 2
® Scattering ZE7| R Ol2 fwc]!
(Transmissior) 2,500 | K-B 0|2, PZT =&
® AZEE A 600 | AZEHT, Az ATZA A
HO|H2ME =28, HAFEH 50
2|27| 600
. ing RFK
® Scattering Laser hggtmg &Kl 300
End-station 1,600 | Al S 400
&tH|0[= 50
Cryostat 50
A5g, TEEA 150
g A 13,000
el HREEHS | 13,000
- XX

* 2-136 *



<IE 2416> 252 dAAaM FH gaiel #F ot
= EAIAH
e = eaiia) 4l 2
1. 3 HYZA) (1,000)
® In-vacuum undulator 1,000
2. IR (HZ/2EEKD) | (3,000)
® Focus mirror 1300
(two boundng KB mrimar 5) '
@ Double Crystal
Monochromator 1,500
@ Slit 200
3. |zfel P,
OIE{AI2E, S1%] (2,590)
@ ZsEH= 150 lon pump & controller, turbo pump, rotary or vane pump
@ TIS%EH| 400 gate valve, angle valve, bellows, nipples, gasket, bolts & nuts
® support & girder 100 smart girder & support
@ ZTIckH|ePM TIB37) 150 | BPM, ZIZ35(lon gauge, cold cathode gauge)
® shutter 190 F.E beam stopper, FCS, photon mask / End-station shutter
® dZ A utility 210 | cooling system & utility / gas
@ BL control electronics . KX/ AEl
(interlock, Xt/F7]) 290 | safety & interlock system, HXt/7| A[AE
control & DAQ, /W, 200 control & DAQ, program server system
program server
© BL monitoring & data 400 real time monitoring, data storage room & equipment
storage
Optical Hutch 200
@ Experimental Hutch 300 interlock =gt
4. HEEA (4,410)
@ SAXS 2D Detector 1800
@M 45 01 '
@ XPCS(GISAX) Detector 1,300
® Automatic Sample 600
® GIOJE 2MEX|,
Storage 410
® HolE Mg ==,
o 50
A FE
® FSHOIE § 100
@ 2EXHE A2aH 50
MY, TR-stage 100
g A 11,000
el HREEHZ | 11,000
N BN
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<IE 24.1.7> AAlZH A

- EAIHH
g = eiia) ol 2
1. 8 B8R (1,500)
@ In-vacuum undulator 1,500
2. TWEFEX| EE/2FFR) | (2,000)
® Focus mirror1 500
® Focus mirror2 300
® Double Crystal
Monochromator 1,000
@ Slit 200
3. &2kl pTL
HOIE{AIAE, S1%] (2,500
@ MN3E=D 100 lon pump & controller, turbo pump, rotary or vane pump
@ TIS%EH| 400 gate valve, angle valve, bellows, nipples, gasket, bolts & nuts
® support & girder 100 smart girder & support
@ ZITPE|BPM THEF) 200 BPM, ZlI5=7d(lon gauge, cold cathode gauge)
® shutter 200 F.E beam stopper, FCS, photon mask / End-station shutter
® Y+ AU utility 200 | cooling system & utility / gas
@ BL control electronics . K/ A
(interlock, ®xt/E7]) | 300 safety & interlock system, Xp/7| A|AH
control & DAQ, S/W, 200 control & DAQ, program server system
program server
© BL monitoring & data 300 real time monitoring, data storage room & equipment
storage
Optical Hutch 200
@ Experimental Hutch 300 interlock =gt
4. HEHA (4,000
@ XAFS Detector 2,500 | quick XAFS, single bent Si polychromator Zgt
@ A=A HA 400 | In-situ sample annealing system, Sample changer
HOlE =48 Z23 HFEH 50
In-situ &X| 200
® Scattering 1100 Windowless diffraction Pumping system 300
End-station A|AE ’ FoH0|2 S 50
Cryostat 50
29 AHOIX|(@a2, X S) 150
2 A 10,000
T H =
e d5E8a | 10,000
XHH| b=
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<E 2418> MHEX} L-HXMS

ulatel 7 of &

= ZAIAH|
e = N H| =
1. 3 HYZA) (1,000)
® In-vacuum undulator 1,000
2. K| (AS/2E8FXD) | (1,700)
® Focus mirror 500
@ Double Crystal
Monochromator 1,000
® Slit 200
3. @2pel prL,
GIO|EAI AR, 51X (3:500)
@ T3HEH= 330 lon pump & controller, turbo pump, rotary or vane pump
@ T3S%H| 400 | gate valve, angle valve, bellows, nipples, gasket, bolts & nuts
® support & girder 200 smart girder & support
@ ZItPgH|PM TIBE) 370 | BPM, TIEE(lon gauge, cold cathode gauge)
® shutter 300 F.E beam stopper, FCS, photon mask / End-station shutter
® dZ+ A utility 200 | cooling system & utility / gas
@ BL electronics . /R AEl
(interlock, T Xt/F7]) 500 safety & interlock system, FXI/T7| A|AH
control & DAQ, S/W,
program server 300 control & DAQ, program server system
© BL monitoring & data 400 real time monitoring, data storage room & equipment
storage
Optical Hutch 200
@ Experimental Hutch 300 interlock =&t
4. HETXK| (8,000)
® Fast readout Detector 2,000
@ Automatic Sample 1000
Changer '
® MX2|E7| 350
@ HTS, FBDD 4,500
® HoH EM8 =273
AFE
© ZeEolE, WolY, |
AME2EHES
@ cryo-jet 50
2 A 14,200
el HEEAHS | 14,200
- XHH| =
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<HE 24.1.9> 1oy X] sojd Hetel 75 of &t

= ZAl2H

g s e ol 2
1. 3 ®YEA) (1,000
@ Super bend Magnet 1,000
2. K| (HE/2E8FEX]) | (3,600)
® Focus mirror 500
® Monochromator1 1,000 DMM
® Monochromator2 1,000 Double Laue monochromator
@ KB mirror A|2AE 1,100
3. darel pr,

Hlo|E{AI AR, 51| (3:400)

@ H3SHEHZ= 430 lon pump & controller, turbo pump, rotary or vane pump
@ T3%EH| 400 | gate valve, angle valve, bellows, nipples, gasket, bolts & nuts
® support & girder 300 smart girder & support
@ ZTITFEH|erM TS 370 | BPM, TEZF(lon gauge, cold cathode gauge)
® shutter 300 F.E beam stopper, FCS, photon mask / End-station shutter
® Y+ AU utility 100 | cooling system & utility / gas

@ BL electronics
(interlock, X/ 7])

control & DAQ, S/W,
program server

® BL monitoring & data

100 safety & interlock system, FAp/F7| A|AH
200 control & DAQ, program server system

400 real time monitoring, data storage room & equipment

storage
Optical Hutch 200
@ Experimental Hutch 600 interlock 2%}, Long-path (100m)
4. MK (2,000
@ Projection imaging 1,500 | Projection imaging & Camera
setup
@ Az B K| 200 | Alz ZTH[EXK]|, 2ZFX|
OojEf M8 =28 ZHEFH 50
® End-station A|AFH 300 |8 X-4 ooy FA| 200
FH Ol & 50
g A 10,000
el FEEAZ | 10,000
NS PN o=
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<IE 24110> Hz 2B gigtel 75 ot

= ZAl2H
g s e ol 2
1. 2 @A) (1,500
® In-vacuum Undulator 1,500
2. YOIEA (HE/2EZKR) | (3,000)
® Focus mirror 1,500
® Monochromator 1,500 DCM
3. ®akel P,
Hlo|E{A AR, S| (4,500)
@ N3E=D 200 lon pump & controller, turbo pump, rotary or vane pump
@ ZS%H| 600 | gate valve, angle valve, bellows, nipples, gasket, bolts & nuts
® support & girder 200 smart girder & support
@ ZTITPgH|erM TEFE 200 | BPM, TEZFH(lon gauge, cold cathode gauge)
® shutter 200 F.E beam stopper, FCS, photon mask / End-station shutter
® 44+ A utility 300 | cooling system & utility / gas
@ BL electronics . KL/ AE|
(interlock, Mxp/m7]y | 1200 safety & interlock system, HX/H7| A|AH
control & DAQ, S/W, 200 control & DAQ, program server system
program server
© BL monitoring & data 400 real time monitoring, data storage room & equipment
storage
Optical Hutch 300
@ Experimental Hutch 700 interlock, KHEHA|AR ot
4. HETXK| (6,000)
@® Ptychograhy HE7| 2,000
@ XRD HE7| 1,000
® XRF A&7 1,000 | Spectrometer Z&}
A& &=H| A (extreme condition A& &) 500
[pa{ XF = S)
@ ME 2 B 1,000 In-situ extreme condition setup, A|22LC & 500
Hole 2M8 =8, AFEH 100
2| &7] 400
. 4SHH|0|1E £ 150
_ AHI o = = o
@ End-station A|AE 1,000 Cryostat 50
Ptychography ZX| 100
XRF EX| 200
g A 15,000
e HREEHS | 15,000
B X X2
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