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(P EBEBE e PR ST T, b st 100049)

BEEHNEIREARKERRAE T A" AN ELAZRNTAEZ —, BA, M EFES4
EREAERENRERFRAHER, THERZEREARRKAAE EAEZETHE (4
300keV) WENREFRALE., HNFELBEE AN FHARRELRE N REEG HT
MEFOXHLEH ., AT EHLRCEFHRTAREGERFARNELSAHRRET F
MWER, REk, NaEAAEGNFX, AERIAAFEHEIREANTH ARG H S,
AXGAEMNBREASFET LR ERESEPRETREEAT NG E KL RREF &b
BMABEFEEMEHRGESENRR T EHRAANE, —TEASTAP EFMT X%
W, P — T HOFLEALH P EXR R E RS LWL T, LRARATEFAAER S EHA
B R

RERIA: & A OG IR w s b R &b

& 5> 251 0434.19; 0521.3 RKFRIRES: A

FEIIME AT F R EREA S Z W, JLFXM R b2 450 DU, s ®EME . 7 AT
A BRI By n] DL R, e B B | AP bR R kR 2R A A RIS ST AR AR 2 T
P o I 4 WA G TR ( Diamond anvil cell, DAC) 7 A= ) i HEAHF 58 B il A0 28 o0 2 52 06 % i
WHNEEMRFEZ —. EL2NAEMERT, DAC FERIEN AT LR RLH I E2JLE T KRR
PR i T 7 100, e s A ) Tl R i R 8 i A 2 IR A8 Ak . SR, 52 DAC A 25 14 B2 R it b4 s 45 1 FR
il A S AR B A FR L AR ROBE G/ B XM R BB A% 2 ik 21 B A RE CAn 6 WAy il | A2 =AY J5T)
SEAME T AT o K S PR A5 BT R G R T Wy fE EME G BREDH UL AT R L A I ) 254 KA
TR R R R B R B R R R s T R ¥ T EEAE

H 20 t2d 80 AR LUK, ML HT B R 5 DAC Fi RMEE &, MR R @ A0 T B e 4L T
F &G FB20 ) Filhn. & E X AT 5 (X-ray diffraction, XRD) J5 32 7T F T & b AR s AR S b1 61
WL | %% BE L N T AR R AR I A5 A BT XS R M I3 2% ( X-ray absorption spectroscopy, XAS) Al
DUER X RARL R 5 JC R SEAT 45 M SRAE, AR B8R T R I SR S A5 A A5 8 (A L R e for 8k, B K
O 55 ) U280 X 4% JL PR U 2% (Nuclear resonance scattering, NRS) 1 2 {it i 45 i) Mossbauer #8
K M 25 R 2 A B DA S T4 8 % U X R i 2 U (X-ray raman scattering, XRS) ] #8156 0 %
(C. N Fl O %) 7 5 55 T B A2 A AR AU X5 28 i 1% (X-ray imaging, XRI) 0] DA S8 AF ff 7 5 e 4%
PR ST A L A AR R Bl ) Al #RO

) 20 S G IR B AR AN & R, AR HE S = R R AW 2D o ARk, EIFR EZ R eLIR, N3

* e HHA: 2020-04-29; 1& 8] H#A:2020-05-12
HEWB: &aelR 2R HOL IR E & B OB AR iE T B (s 120171 2173 5)
TEH BN TRAN975—), B, it BIFFIE 5, 322 W 45 56 5 5 TR SC IR B R 5.
E-mail: lixd@ihep.ac.cn
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E Je it IR (APS) ™ BRI [F] 26 4R 6 IR (ESRF) ™ H A< %) Spring-8 JGUR" A& [E A9 PETRA HEIER,
TS B ST il S S0 T 2 LA I A S R B B 4 £ 0 R [R) 2B S TR R . R B TR 2B A O IR (High
energy photon source, HEPS) "2 V5 3 [& - = F0 W R G5 1 . Ay 1) 5 7 I s 5 SR AR o Atk Bl 2
5% AL 5 AR S P57 6 0 B K R IR, T 2017 4F 12 A 345 B R & R s Bt 2 2 10, Jf
T 2019 4 6 H 7EJC R 2 B85 s a2 5, 11 R0KE T 2025 4F 58 U R IR AT o 18 A58 DUAR TR 25 4
SE6UE, HEPS S8 EAT M /NI & 58, BEAS $R A HL BRA 485 = 1C [A) 4 48 S 6 I 22 55 100 175 LA B iy [a)
R, S50 b 2R 5 AR A SR R AR (9 oK) RUBE B SRR BE . TR A, 1K & 569 B O U5 LA 1 AH -+
PE OGS H W AR EAH T3 2 AT R S S IR R I R S o XSS S i R BB T LUK = FE Rk 2 e o
fo R S Bl /N [ Ik s ) ROBE S5 A5 F T TF A O e 44 R S, AN W R ORI %) 5 T
YIRS R D (SO BE ) DR 48 25 0 T B Bt 8] 43 HR 0 5% L A i R 25 R T 1) Je el A 1 RO ¥ 4 1
¢ HuBk (17 L) TR R 45 14 F i 9 A ot 450,

1 AL 2E ISR S HEPS # BSR4 — AN T H 5 ) o AR S 32 32 H 1 J2 1) 40038 DG RHIF
TAE#H 43 HEPS — W i F vh 5 DAC & R SE B AR A b i1t — 7, B FH P s 2 i
T f# HEPS, 4 3k 7€ HEPS I ¥ Ji& & JE W 58 T AR — 269025 o8 o0 — O i, Ay B A5 2 H P ot B
AT G2 0 S i, A 0 R o 309 L = 01 il A ey o g O SR ) A R L S
1 FNRSEEREZTES IR HEPS

HEPS J& 5 A7 M AR % 565 B 00 365 DU AR 1 B [R) 25 OB U, F 2019 4F 6 A 29 HAEJL X MR X 8h T,
FEHRI T 2025 4R RS2 LKL . HEPS B3 H58 8 K 102 phs-s™ -mm 2 mrad - (0.1%B.W.) ", H 4R % $1 1 N
34.2 pmrad, RS HLE 1. HEPS 8 WS BE 96 X OS5 b M #2540 L 31 sh S Ak, $R L2 4 | 5
BF SR A, i BT 00 o0 205 A A i % A ) 4 JR 300 4 R 3 s RO 0 I 4 ) %) A B T AR ML AR, S A Bk
L) S B, 0 I R 4 B AR SE Ry, DT 3 sh A REBR 7 | fh2 TR | RRURIRIE | A ) I = S 43l 1 2
W% .

%1 HEPSHEGEHHTESHK™

Table 1 Main parameters of the HEPS storage ring'™

Energy/ Circumference/ Number of Beam current/ Natural emittance/ Iniecti Bunch
njection

GeV m straight sections mA pmrad Jectio number

6 1360.4 48 200 34.2 Top-up 680/63

HEPS i 5 5 24 90 45 DL L mi e B R ARl i) 7 8, Joh — WPt e g 2 ol 36 14 2k (94 6 —
FMAKREL) o &1 1 s o HEPS — W12k uliAfi Jm, FErp L ID JF 3k RO 2R 78 B 2234l AP 951
2eli, LA BM ISk Rl o 2 Bk g | 2kl o 3 2R HE i 8 236 KT UMY RO R BEAE 90 K R A L A+
FRF i) 43 9% 2] 155 58 55 7 11 7040 R AEFTOCIR UL H . HEPS — 12k 3 1) K] 3= 2 2 7 2 SR AR BB O VR /2 i
o AL, 1 A ) DA PP R G SR AT S A BR O R S i 1) S5 38 D7 U A S R oty A e A D ) i
SR .

BIR T MR, S SR H 5 21 HEPS — S B 2 o v 5 g T 2 B ol R O B0 Tk, 23l X3
2R 0 ORISR 20 (ID30) | i JRZR ki (ID31) | A X 54 4k i 3 Bl 7 2 i (1D33) Al X RIS 3~ 2k oy
(ID46) o o, i Fe gt g e X 4R AT S & IS g oty HLAth 2l vl DA o O A0 B2 e 4 i TR S2 3y
o B2 PR X e 2 vl il U A PR <RERE-SE BE T, T HPS SRR iRkl , H20 SRR il X T4k
195 T PG A 2, XAS 7R X ARG 27 20k, TXM R X SF 2k SOl IR 2 .
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ID33 hard X-ray high energy

resolution spectroscopy ID31 high-pressure D30 tr ..
ansmission

X-ray microscopy

L&
ID23 structural R
5 dynarrslic e /;' . i[

o ID21 hard
X-ray imaging

& 45
e é @

A

5

spectroscopy " g I i
ar Lyt = »
. 't’ by

I'E A ‘. / 1{ .. - 4
: - .; ; ;) /
N & 3 ,)‘70 /
- b7 /
L %

ID02 microfocusing X-ray *, ID19 hard X-ray

protein crystallography L nanoprobe

A

multimodal imaging

IDO05 low-dimensiors ¥,
structure probe g

e
ID06 high-resolution nano
electronic structure spectrosocopy s as
. [ B e =
ID07 hard X-ray coherent scattering ke e NG

IDO8 pink beam SAXS ID09 engineering materials

1 HEPS —JDuiiekifi 5
Fig. 1 Beamlines layout of HEPS phase I

2 HEPS SEMHEXZ&u T4 10

'.:% IHZO

21 SEXRZ E XM /_\ \
ET’T 102 £

1R G R £ 0 (High-pressure beamline, HPB) Tﬁz JPS

M HEPS 77 B4 AfF ID31 51, RIFRLBE  £5 p

XRD SE 80 Sk 3 0 & F m Fe 2l o 52 5 il R LA gc') 10% ¢ XAS

XRD J7 i B hili gl N 2 R m Y T B, AR R =

J XRD., ¥ XRD, 4211 XRD. B4 KX ) S S S

434 BRI (Pair distribution function, PDF) 48 25 J7 Eneray/keV

e, AR B 25 A oe i # L R IR . TR B2 ubdl AfRa s

VARSI ESYIIE - = R S N VA A LR A S LD Fig. 2 Brilliance curves of different IDs

XRD S8 7. el @R, #5 PR LR
A8 7] 25 4 S 6 U5 TH 905 14 T £k 3k (I APS 19 GSECARSPIHI HPCATRY £k 3 | ESRF 19 ID2702%1 £;
i . Spring-8£% BL10XUP £k 35 #11 PETRA M Y P02.217 £ 3k 25 ) HL 4[] 265 7K - 1 S 36 K B0 d 20 b 45 424
e 7P )25 8 B B A A 1 FE R 22 R 5 v, XRD R e il e B SE I 2 — o B Z AR
Wb K AR DL R TR A RS AT LR R 5 T XRD (9 S2 B RE G, B REAE TR AR RS B 7 TR A TR
FIZE R (5 8 . FIF R XRD 5 i, AEMEXTRE S RS B2 . IR b . ARG AR | Ik R A 10 7 45
FEREAEGE o I AR DO A AT 5 A BRI 25 i S IR B 0 /N RSE UNT 1 um) | il i XSG BE, R &
JE XRD J5 38 Al LT R 5 1 (R T 500 GPa) | Jeydsk 45 /A8 4k . TR A7 i 3 B sh A8 4 44 08 1 45 ¥ A
LSBT TAE .
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2.1.1 HPB &S EER KRG

HPB @& i 7] LA B 4EE 20, 30, 40 A1 50 keV 5 B RE & A5 10 X SR G TR, X SRR A6 5E R )
R UK B OK (29 150 nm), #4056 F 20K T 10" ph/s. AR I 75 22, ] U4 R R
(29200 pm) Y R AEDGCHE, LI 038 T LASE L 4~4 000 K I 2 70 ] 19 J5L07 5 XRD 525

G55 7 S /s 2 DA ik o IR EE AR, SEBG 3 A T LA FH P SR HEER /N T 10 TIORD AR T
BIASER SRE. TEE 1B A INER SR, 7 Nk A AT DLk #] 150 TPa/s DA I
2.1.2 HPB % 34i% it

HPB S5 JR &l 3 Jis, X B A AF R AR p B0 ID31 51 . Eas NI T i (IVU) B % 5]
WK B A 19.9 mm, SJRIA%R 201, 46 A S KEE 4 m, RTHR/MES BT 5.2 mm, 8500 560 2538 HUHE
Rem MR EOC)E, R ETTHERERIRE A E . A RSB channel-cut B {8 85 (HCCM) >R H A2 4,
AL B AR 3Z o AT, 3 AT DA SR AL i e Mk i o e 0 A i, e B R R AL X R R DL R
PEARAH B . a2 AR [R] SR A T3R5 X B2 R 2Bt A & & 379945 85 (Compound refractive
lens, CRL) 3K HUHOK 3R £2 50 5E, F| FH 2 )2 I K-B & 4E 45 (Multilayer K-B mirrors, MK-B) 38 B ik 5 £5
HEE

IVU 19.9

| Ratchet / .n

wall

: White beam \ CRL1
o slit HCOCM /'% Mode 1: Micron beam XRD
= 2
' .n — Mono beam
slit
g .. CRL2
'Q Sample 1
9 _ CRL3
Mode 2: Sub-micron beam XRD .. lQ Sample 2
MK
ample
NQ

3w EAR R
Fig. 3 Optical layout of high-pressure beamline

T G SRR Sl A PR A TR SR AR AR A L, 43 M TR G R S 84 m 1) Sample 1 K BG5S 89 m [
Sample 2. 1 PIZL CRL X X HF e i 7 5 £2 IR 15 HOK B BE, CRLI+CRL2 5% i Sample 1 4b X 52628 £5,
CRLI1+CRL3 & i, Sample 2 #b A9 £, Sample 1 Al Sample 2 FYEEE 2 5 56— MR 2 um A2 47, WARF5 5

Ab, T i MK-B B RERG . WHOK R AECHER 2K %20 150 nm, PSR ARG )5 v 2R i TAERR
BT 100 mm, A LA 2 K 280507 5 e XRD 5256 1 755K

1o R G PR S 0l p B R AR, U R AOK XRD R, IR R Ok XRD M= . W&l 4(a)
Fis, ok XRD HE WA A S258F &, 5000 0 18 F A7 55 F & (General purpose table, GPT) Fl 34 Jin #4
L ¥ 5 (Laser heating table, LHT) . GPT Bk T 5¢ B0 H FLAI M A . BA5 . £ 5 DL AR 7] XRD 5525, i
AT DA R S 57 (R BEL I #) e AIRIR DA S 7 8l A5 N4k XRD 455540 . LHT A] LICh H P 4R E2r bk (24
1064 nm) 1Y 3% S 5 hk OGN B 254, AR AT LS CO, OB SE 96 2648 o it 2 5%
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BB M PR AR E PR EOR, MOk XRD SE58-F- 5 (&1 4(b) ) #4517 552 56 il AR 0 ) & FH T K XRD 4
FE A, B Tl USRI/ NEBESE L XRD S 26 1 525, Rk 28 USSR T8 508 T B .

Synchronous
: Laser
electronics system heating Online I
system Slits ruby
Slits Pinhole | \ . Sysism
3 K-B mirrors
\ CRL \\ |
Xazy I e\ [ . 7 '@'
- ”J (VY Y¥VY) N Light /
_ Light A \ intensity ./ Sample
intensity Sample” | Online — monitor Pinhole stage TG 2
monitor stage ruby ) Photodiode
system | Photodiode
(a) GPT without laser heating system or LHT with laser heating system (b) Sub-micron XRD table

Bl 4 EEGCRE T &
Fig.4 Schematics of experimental tables

22 X S&RYHEF b

X W % 2% ( X-ray absorption spectroscopy, XAS) £k uli N HEPS figi f7- ¥ i A4 ID46 5| i, 2 —
LA XAS FAH AT AR 5250 07 18 EFEAT AL BT A s MERE A X P40 4. XAS bt i ieA H
B g AT 3 — Al PR | B A 55 Y LK, (R i B A ol e BE Y X AR e MO 40 45 48 (X -ray
absorption fine structure, XAFS) 5250 R4, A H P HEIL AT 5 | oo | AR ME 1) XAS S & . %P6
B A& XAS 095 IS5 J5 vk, BA% I 18] 23 R0 23 18] 73 BEBE ), RERS HRI X, 3R, ST 4548 o [A) I &
RS Sy P R A R RO AR SR BE, IR 45 G XRF. XRD., FTIR, 5 45 5290 5 i, 4R 416 50 F 5 A #F
FHE . XAS Zeuli it At AL L O 4.8~45 keV, W1IK] 5 iR, BT RE R REAS AT w5 Ak 2B on R I R
22 5 I0F Ti ) 60 5 IC R Nd 1Y K 1 XAFS AEH L, LK 55 5 I0K Cs LUSH L A RE R .

Periodic table of the elements

71 Alkali metals [ Halogens
_ [ Alkaline-earth metals ["] Noble gases
-g r(1>?p [ Transition metals [ Rare-earth el_ements (21,39, 57-71) 18
~ - [C] Other metals and lanthanoid elements (5771 only) 3
1 H 2 [] Other nonmetals [ Actinoid elements 13 14 15 16 17 | He
3 |4 5 F} 7 |8 [8@ [0
2l L | Be B|C|[N|O|F|Ne
" 12 13 14 17 (18
3lNa|Mg| 3 4 s 6 7 8 9 10 11 12| A |Si | ¢l | ar
19 (20 |21 23 (24 |25 |26 (27 (28 [20 (30 |31 |32 35 |38
*| K |ca|sc|Ti| v ]cr|Mn|Fe|cCo|Ni|culzn|Ga|Ge [ Br | kr
ar 38 38 |40 |# 42 45 |46 48 |49 50 5 52 |53
: | QR |l b’ ofeefen ' ke Lge |
55 |56 72 77 80 a2 85 86
% ga | B2 m Hf 1%9 T [ Pb | Bi | Po | At 3
(87 e e i0R 13 114|116 |16 [117 |1
Fr _Fl_a Ac | Rf _.G_n Nh | FI | Mc | Lv. _Lh_ &
. . 66 67 68 69 70 il
Lanthanoid series 6 D Ho | Br | Tm | b
o o8 |98 |100 |01 Ioe""ig'
Actinoid series 7 cf | Es | Fm | Md | No k_

*Numbering system adopted by the International Union of Pure and Applied Chemistry (IUPAC).
©Encyclopaedia Britannica, Inc.

Bl 5 X LIRS el Moo R B R B (A A R4 IR K e, A BAFR L gesiim)
Fig. 5 Schematic of element coverage of XAS (The red and blue dotted lines are energy ranges of K-edge and L-ledge, respectively)
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FE = TEAF ST, XAS 0] DAXERE S PR o R M A L R 2 i (B | B (67 5, 23 [l Ae 20 ) il 47
FAE, AT LIRS AR AR AR AR L 5 XRDAH B AR e i 2509 15 B .
22.1 XAS &b FERAKIEIR

XAS 3 I RE RN 4.8 ~45 keV, fr/NRADEHBER ST 350 nm < 350 nm,  TAERERLTE 10 keV Y,
X B IOCHE(RSF 252 2 mm x 1.5 mm) (56IE #7101 ph/s 7K, MEAHOKEHE RS 294 350 nm * 350 mm)
) G B AE 107 ph/s. WERCKIGEE M K-B 8541 3045%, T /ERE B 2924 140 mm, 7] LU 2 % H DAC 556
(7S R BER o XAS 2l i E BT bR L35 2.

F2 X HERBUEL MM EERITER
Table 2 Main parameters of XAS beamline

E E Spot size /
nerey T]ergy Flux/(ph-s™) pot size Methods
range/keV resolution(AE/E) (um x pum)
. 5% 10°@10 keV 0.35x0.35
2x10*Si(111) @ XAFS/XRD/XRF/FTIR/Mass spectra
(non-focus) (focus)
4.8-45 "
4% 10°Si 311) 5x10°@10 keV 0.35 x 0.35 Time resolution: 25 ms/spectra
(focus) (focus) Detection limit of trace element > 1x107’

222 XAS &gt

XAS L eFTe A R E 6 s, X St E i ALE ID46 51 . FL2s AME A (TAU) i
JARIK B 35 mm, S JEIEL 141, BT/ gap (E28 11 mm. X SPEGE T FOE RS B 0 LA 88
(Double crystal monochromator, DCM) . tR47 5L (.85 (25 R0 3% ) | I BBl . e B R AR5 4 2
TG LB, R K-B RAEGTALE X SR BRI N SCI s iR B AT S5 AT d A SR R RS R
M 2% (SDD), F % M T 5 Ak i 43 FEW % (HERFD-XAS) DL M J5 8247 15 T & AR 43 9% & 5% (XES) . 52
BramRiE 7.

DCM
| Harmonic reject
PR mirrors

Ratchet . T .
wall White beam iy N
mirror Quick scan .. Secondary source

CCM Vertical focus ..~ slit
mirror LN

Sample

Ne
K-B mirrors———\g} &
K6 XAS Lulu iR
Fig. 6 Optical layout of XAS beamline

23 X H&E 9 PHEF %L

s SDD Analyzed
fifi X Eﬂ’é}% 1= ﬁﬁ#faﬁ% (Hard X-ray high energy crystals
resolution spectroscopy, H*O) £& i At 77 34 1D33 4 Slif\ P
NG o I TR S o B 2 S8 7 Xeray) 1 T T
P FLAT B B 4 0 AR | igne I \
X A B O SRR T B, MRS, montor  Diamond et
fhae phBkaE | b | SRR AE SRR AT B S SR
T RPY, Zeuh i), ¥ S5t A L R R D
SEO6 IR B9 5 o B 7 ok (a0 PETRATNAY PO £8 K7 XAS LBHFA
¥l . Spring-8 ) BLO9XU £k i . ESRF A¢ ID18 #1 ID20 Fig. 7 Layout of XAS experimental table
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o534 % AR ZR AT SR DA R BE R A0 SR SO LIRHEPS B 8 FRAR DGl a5 55 5 )

2Lt Ll K APS 1) 31D, 201D £kl 45 ) HA [R) 45 7K F- 1) S5 98 AN BHE 70 B 26 4°F

R L PR RN X SR P O 0SS XRD 4R SC 86 B R RN, 78 B 454 K A Bl ) 2 O
25 HARE AORE AR SE R AR S, JUHE R TR RS G R A 28 R B VR T o R e e A IR I D ik mT LA
AR 2B MR 2 AL P 1 B 7247 O R0 B ER VRS A S 1 B Y LR s TR S )
HPLEN 2 XGRS BN AT DL A R R AR ER CL N, O By, 2 v TRk B A AR D
AR A E RS S S W ST A A, e Sh Pl TR AT AR AR BRAT B ER I AR G5, i T A R i TR AR
PR 5 R i 7 S5 AL A SE T e R T 2 T
231 HO ZHIEZEFHKIEHR

HEPS JG A PR AR —FhJ2 63 4> AT Y g v fp 625X, AR AR SR K [E] B o 72 ns; 5 — A2
680 T A 1 5 72 AR S, AT TG N 7 ns. £ XF HEPS SRR A9 78 AR IR, H20 423Kt R HH 43 Bl iz 7
e, LA A AN [P RO X 0 23 B 2 7 i iAok o FE R BB, al RASE B Fe A% LR BT 5K
B, PLRSn, PTEu AR [ 8 2R A 1] BT IS S 0 A AR Sk B S8 s e e AU, AT IR M X ek
P& LW SR 3 FTR R HO FEZSLHJ5 1 AR S H A7

®3 WO RIELWHERBEARIER
Table 3 Specification of methods at the H*O beamline

Method Energy range/keV Energy resolution/meV Inject mode Spot size/ (um x pm)  Flux/(ph's™)
Nuclear resonant scattering 14.4 (*"Fe) 2,1 63-bunches 2x2 About 1.5 x 10"
X-ray Raman scattering 10 800 680-bunches 3x3 About 3 x 10"

2.3.2 HO Z&uhigit

HY T 8 43 B [ 20 i O et SR A . WO R D SR SR A B A Ll 2 R O O T LS
T2 3k, R 5 ZEARAS AR & e il it . b T SE B G Tl B T H AR, HPO 2k 3% FH BL 28 N7k i
WG wAm A (IVOVE RGP 4K 4 m, I B2 18.6 mm, fe/MNEIRIBRA 5.2 mm, BE1E# R
NdFeB. i ARk RS 55 7~ 17 keV, 3 OB AT LI 5 21~51 keV, #i & T 'Fe B REH AN T 5% H
PRIFHE = 1Y G i, R B Af OR Si(660) 43 AT A AR TS BUST B fE 9.7 keV A I fR1 38 £, T 3 YIRS I oo 7 o
"Sn., "'Eu. "'Dy 5% H R ZE L IRBES .

H?O £ e A JRan &l 8. 1 9 iR o WA ARG 1 HE B XS 2R 48 min s IX 5 956 1 KP4
Y G R S5, JR MO o Bt o DG RORHER T U 9 DCM i [a] 20 58 SO B (o 4k (BB 5 9 1074~
107°) o X FRZSREU A (& 8), £ DCM 1) X ST BL R E A S BEe (a2, dE— 2 b 107
LIRS EOR . DCM FiFHY CRL TAERER M 14.4 keV, FHTOLEME R, LIRS Fif @ 2 ¥ @
FRA K-B 85X X SR AR . X SR 4 K-B B3 R A2 5 ] RLARA RO R A S A6 B, AT i R 5
55 o FEAZILIRBC SR b, B0 58 T B = A BE B HER (AN 1 me V), H AT DLBE 32O )N, 3
ST USR] () 5 43 P g, I8 A 4 K-B Be FEE i A 07 B B0 nT o XS 2R b7 B iU SE g 8 X0l 2
RN EL 9 PR, X T2k 4: Si(111)/Si(311) DCM i tafb 5 i@ 8 K-B 5 R, A Hhr & WU ik o8 i

wE 10, B 11 frR, HO LR sl E WA ASCE 5. B 10 LR EU 52560 124 F &, 781X
FB L K-B B TAERE B T8 1 m, FRRE 3 2R R0 R R S0 o IR IR 3 1800 S 58 R 3 AT Ot
HL A APD R 2%, 4300 60 T DAC He filh A 0] 18 5 1717 A 38 78 B0 22 7 135 %) A 40 285 ) 35 2% 1 5 )R
B, FHOR A APD SR INER o IR IR EE 5, mT LK S R 28 B A, SR B R 5 14 731 FEATT
ET

X SR B SR A A R WA 11 iR, 2 — A0 RSE oy 4 m g7 = oA 58 AR,
EId A w7 AT . W RUE 1, B2 SO A K-B SR TAERE B AT 38 1.2 m, DAG R 2 HE
SFPAT AR AR B HUN A KT 15000 1 = S 5 M5 B, X5 B S B AR AR BRI A G, AT AT LA
PR E DY AR B AN I B AT AR R £ 2 B, S AN B 2%, N A

050101-7



5 34 % [ T 7/ B S S 55 5 41
IVU18.6
/7 White beam
‘Lf‘-/// sl
[ J;L High energy resolution mode
e ™ DCM Si (111)
wall white beam ‘a f..f\
mirror "}%*l o 8
High flux mode—"" HRM \.,.’
. K-B mirror 1 Sample
Wy ®
B8 B X LR HEE A R AR RO U6 R
Fig. 8 Optical layout of nuclear resonant scattering of the H*O beamline
IVU18.6
/7 White beam
=F slit
="y é(DCM Si (111)/8i (311)
Ratchet /0 e
wall White beam L Analyzer Detector
mirror \\'p- \
- -0
K-B mirror 2 Samp]e
K19 R X G o PR r il X ST S U R e = A R
Fig. 9 Optical layout of X-ray Raman scattering of the H*O beamline
Stit , — ] Slit _
'-.\\ K-B mirror 1  Sample stage I .\'-. K-B mirror 2 Sample stage
X2y T [z X-ray M B
e N ]
Light I |- = — Light Il =" ==
intensity Online intensity Online
monitor ruby monitor ruby
system system
10 BHRESSE& BE11 X S senm-ra
Fig. 10 Layout of nuclear resonant scattering experimental table Fig. 11 Layout of X-ray Raman scattering experimental table

2.4 X 54 B ARk

X 5128 B 4% (Transmission X-ray microscopy, TXM) £k ik i1, X &£ )\ HEPS fifs 77 ¥ 3 A 1
ID30 5|, &I T Ul B oK i 23 AR 5250 07 1o R BUR Ll . TXM LBl LLF R 42
WA | 8 SEA A AR A1, 0K T R T I3 2 LR 1 SRR T 1k, AR 4B IR A K A5 B Al
FARER =AW ST R A 0 B S 5 A B AR R E B . b S, R B R R
SR Y 2 5 99K AR 2k (APS 1) 32-1D-C £k . NSLSIT /9 18-ID £k . SSRL Y 6-2¢ £k 45 ) HAT [+]

SFACT- R S5 KRR o i A

e JEIFFE T, X LR B AT ATEE 2275 0 A AR A - AE W) 2505 Rl rp, XS Zesiqg nl LU
XPREERE b, JEHUEAR SO0 SRR i, SIS ST PR B 08 s g /AL o 7 3 BRIz P £ 1%
TERIAE WAL KL S Ty A BT e b, T LA X SRR BRI B | DU I 855 (5 B a5 [l A
R AR A, LU0 728 A 1 53 A FHRH AR 3o R U7 A BRBL 2 AR SC ML R A5 v, AT LA P R A5 S5 56 e R
8 R B Ak B 5 95 A 5 M 0 P B B R U AR Y anas ML 45

05010

1-8




534 % AR ZR AT SR DA R BE R A0 SR SO LIRHEPS B 8 FRAR DGl a5 55 5 )

24.1 TXM Z&isE B ARIERR

TXM Zeufi (B RE R T 5~ 15 keV, fi i 25 [H] 43 B AT 35 20 nm, AR /M4 B4 23 6] 43
PEERATAE 13~60 um 5 B N AE 1L, fiE el 8 keV HHRE 5 5 (063 £ 78 10" ph/s 7K.

DU 5 20 nm 55 (8] 43 HF AR I, A2 % b 20 0 R R B (s R AR 24 20 mm) 19 BRI, 1% H
DAC Wi I HAR 32 8] —a BRI o bR, BURERIT B AR/ 20 mm(15 mm R4 .
242 TXM Z&ihi&it

TXM G R an &l 12 fis . [F2D RS X T4 M A 34 A ID30 51 i, 385 OGRS BE . DCM,
R T T B SR AR A AF E RO R R i NS o S5l R FH AR BK T 41 45 SR £ 5 ( Capillary condenser)
SO Y 2R £5 5% (Beam shaper condenser ) 4 X 528 2R £ I RE 5 £ T BBHUEA B, B ZER I 4% 1 AR5
st PR TR S

1vU32.7
-
~ | White beam
Chg Slit pink
- "'f.' .
Ratchet P beam slit
wall e b g SN Second
ite beam " g econdary
mirror DC \- source slit Bsgrrlr(lksn};geprer
Toroidal
mirror ‘ f
Capillary — .. Zone plate
condenser / ’
&- ... Detector
Sample :

Fl12  TXM Ll A m
Fig. 12 Optical layout of TXM beamline

ID30 ffi AF R Ea2 Ml ALE(TAU), B R 32.7 mm, BE A% 152, it/ gap (50 11 mm,
DR g 0l A A5 5 B s 0 A BRI DG TR, BT LA 454 HEPS G 42 30 1O & 5 B A 5 A5, TXIML 28 3l 8138 b %
FH T 4G AL BRI B0, SEE T 250 HE BRI Y B SR8 BRI A1 738 o 19 e AR R o

TXM 23 5 i1 A Si(111) DCM 3 BUT ZERE 5 (19 X GT2R, R0 CRAE T 35 & 30 71 3 2 U151 g it
PR, TE DCM RGBT 1 H OGS 58 A2 fift Ot R 2 i v A B 8052 e, 100G S0 59 45 R ) Si R Rh 795 i
FATZVGR RSB 6I R B Y. 7 DCM J5 & 118 R 1 4% ( Toroidal mirror) /A #) 9% B 45, Be A 55 46l
1) 3R £E 45 (Condenser ) W f& U - A8 0 75 14 BT AR B oK

TXM 23l S 40 F- 6 A Jmy an &1 13 s o SE 5
19 £ B 41 45 B £5 5% (Capillary condenser) {iff /2 =1

o3 B ORI ) UG T 2R, BL3e o M B A0 Visible light s
I T SRR L LI, S 9 O B andm—
I #5485 (Beam shaper condenser) L i /&£ 55 £ 114 Ji, Xeray Cor“de“ief thaf Tl I
G o Sl B AR | P T A I 2 “"*X-y =y Ry

AT e T B 03 B 1 S ety Pty |\ ph?Sfplm S
RIF AT HC S, I SE BN R] X STk g it T 2k Led light 55— one P

AR R GE YR RAG B — B o U BT, B S A 4

Fa A S e P R R e e B 5 L, AL

A S SR 2 PRI 8 4 16 B T LA 4 K 13 TXMERTA

ﬂﬁ’]ﬁé =¥ ?F"j QlﬂT"ﬁi j(@Hﬁ {WJ Ll ) 6}%?%%& 5[6 Fig. 13 Layout of TXM experimental table

G, DT S BR e o0 B 1) 2 3 JUARR

050101-9



i34 % = JE Ll i 2% Eitd 55

2.5 HEPS 5 £ 3256 % BN & i

HEPS #2454 FH B e FH 10 96 o2 3 i TP TR, 6T 46 7 75 PR JH S 00 2, A7 R 5 56 VRS v
KT LR B RIE . E ST AR R R IR E RO R . A A SR R T A
A O R BT L4, TR KOG IT AL . TSR R R S S IS U, Rkl
VREHUIRT | 0 DI B S50 s 02 S0 300 I B 2T 1 AR B R | ORI &, o T ek
25 1 L A2 R ST 3% 5 708 R S T 0 S 00 4% 1, e i A TR (0 20 5 0 U R R 45 OB IR
G, LA RSN R SRS 1 4 . A T B, FR A B A AR L MU T . o BEL A 255 18 46ty 7T LA M 75
e TR 3 3 2 A 2 S A
3R E

B T SOV 4 A5 5h, HEPS {9 — 1A B R A 35 A K A TR B T S e | (R4 4 h 1R
ERLR 3G AN IRAN K T A LR | B X ST TR R BN LR . TR R | B X 5t
RN KAREE A TE X TR L | 24 B 7 2 2 AU R B 2 R0 10 SOt R4, LR 1 %
BT AT I A SO0 2 ST R R U RS2 64 R R R A IR 280 . 72 3Rk v, B X S0 T
BP0 B N LR . TR AR FIBE X 2R A K R 4 0 S 2 i e v, U TT LT R DAC 85 R
FASE ST BFSE, 11 XPCS. /N B . PDF. 885 FEAT S48, PR T RS IR, A ORI Z1EN 28

V8 /8 26 Pk R RHIFBEHE, IEPS 764 1P P 35 3 7R [, e T — e e ok, 5800 T i
A L R U BT R P R R 1 T ST M . AR E SR, HEPS SR oK B 5E I T 4
S TR 5 T T, B 6 4 T 18 TR 2 3l L e 5 T 4 T LA T i 5 T S iy e 2k i o 10
(A7 FRLR 3 oh, B T AT 28 AR 22 1 XRD 28 3, 76 6045 573 41 10 4 A S B0t 48 0 i — 4 i 2 o, LA
B AR A T vl . T I S T AT 623 R, G K T S 8 1 e R Bk
PR B VLI HEPS e o 28 b i H 2 75 1 4 0 o 01 0, 08 70 AT 56 TSI 9 45 i
TR

R HEPS B A R ABH P HEARESBEAAL, XFEANREFESEEL, RXFES
PHEFESERGARAXFTEIMARBRELRZATIHEARYEFSMAE, RHEBIFAFEZ L, £
MEG, EHEGEFARAMREAFHRT IO I ERS, Rt EELR. G-AR.
APS. SPring—8. ESRF. PETRA Ill4=NSLS Il ¥ X R4 X &KsbA5 Koy LA H ey, &#E N
AR BRAL I BT R P AR R R B AR 6 e X 4. Bt HEPS B R 9] & R A X &3k A B
AL FE R AR B

S22 3

[1] HEMLEY R J. Effects of high pressure on molecules [J]. Annual Review of Physical Chemistry, 2000, 51: 763—800.

[2] SHEN G Y, MAO H K. High-pressure studies with x-rays using diamond anvil cells [J]. Reports on Progress in Physics, 2017,
80(1): 016101.

(3] MAO HK, CHEN X J, DING Y, et al. Solids, liquids, and gases under high pressure [J]. Reviews of Modern Physics, 2018, 90:
015007.

[4] ASHCROFT N W. Condensed-matter physics: pressure for change in metals [J]. Nature, 2009, 458(7235): 158—159.

[5] MCMILLAN P F. Chemistry at high pressure [J]. Chemical Society Reviews, 2006, 35(10): 855-857.

[6] MCMILLAN P F. New materials from high-pressure experiments [J]. Nature Materials, 2002, 1(1): 19-25.

[7] MAO H K, HEMLEY R J. The high-pressure dimension in earth and planetary science [J]. Proceedings of the National
Academy of Sciences of the United States of America, 2007, 104(22): 9114-9115.

[8] LIB,JIC, YANG W G, et al. Diamond anvil cell behavior up to 4 mbar [J]. Proceedings of the National Academy of Sciences

050101-10


http://dx.doi.org/10.1146/annurev.physchem.51.1.763
http://dx.doi.org/10.1088/1361-6633/80/1/016101
http://dx.doi.org/10.1103/RevModPhys.90.015007
http://dx.doi.org/10.1038/458158a
http://dx.doi.org/10.1039/B610410J
http://dx.doi.org/10.1038/nmat716
http://dx.doi.org/10.1073/pnas.0703653104
http://dx.doi.org/10.1073/pnas.0703653104
http://dx.doi.org/10.1073/pnas.1721425115
http://dx.doi.org/10.1146/annurev.physchem.51.1.763
http://dx.doi.org/10.1088/1361-6633/80/1/016101
http://dx.doi.org/10.1103/RevModPhys.90.015007
http://dx.doi.org/10.1038/458158a
http://dx.doi.org/10.1039/B610410J
http://dx.doi.org/10.1038/nmat716
http://dx.doi.org/10.1073/pnas.0703653104
http://dx.doi.org/10.1073/pnas.0703653104
http://dx.doi.org/10.1073/pnas.1721425115

o534 % AR ZR AT SR DA R BE R A0 SR SO LIRHEPS B 8 FRAR DGl a5 55 5 )

[10]

[11]
[12]

[13]
[14]

[15]

[16]

[17]
[18]

[19]

[20]

[21]
[22]

(23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

(32]

of the United States of America, 2018, 115(8): 1713-1717.

JENEI Z, O’BANNON E F, WEIR S T, et al. Single crystal toroidal diamond anvils for high pressure experiments beyond
5 megabar [J]. Nature Communications, 2018, 9: 3563.

TRUE 2, A, R PAR ST X SO CIRTE S TERART PRI (9], YEE, 2012, 41(4): 218-226.

XU J A, BI'Y. Application of synchrotron radiation X-ray sources in high pressure research [J]. Physics, 2012, 41(4): 218-226.
LIU J. High pressure X-ray diffraction techniques with synchrotron radiation [J]. Chinese Physics B, 2016, 25(7): 076106.
FHER, XIS X GTHERMMORE AN 251 b H R (M. bt Bl bt 1994: 32-35.

WANG Q W, LIU W H. X-ray absorption fine structure and it’s application [M]. Beijing: Science Press, 1994: 32-35.

CALVIN S. XAFS for everyone [M]. Boca Raton: Taylor & Francis, 2013: 20-21.

CHEN J H, DUFFY T S, DOBRZHINETSKAYA L F, et al. Advances in high-pressure technology for geophysical
applications [M]. Amsterdam: Elsevier, 2005: 397—411.

STERNEMANN C, WILKE M. Spectroscopy of low and intermediate Z elements at extreme conditions: in situ studies of earth
materials at pressure and temperature via X-ray raman scattering [J]. High Pressure Research, 2016, 36(3): 275-292.

PEHLY, BRI, SKB, 45 6T [R5 B A 00 X0 2 R B R AR i AT S8 B R (9] e TR B4R, 2016, 30(6):
537-547.

HOU Q Y, JING Q M, ZHANG Y, et al. Applications of synchrotron X-ray imaging techniques in high static pressure
researches [J]. Chinese Journal of High Pressure Physics, 2016, 30(6): 537-547.

HETTEL R. The advanced photon source upgrade plan approved [J]. Synchrotron Radiation News, 2019, 32(2): 34-35.
DIMPER R, REICHERT H, RAIMONDI P, et al. ESRF upgrade programme phase I (2015 - 2022) technical design study [R].
France: ESRF, 2014.

TANAKA H, ISHIKAWA T, GOTO S, et al. SPring-8 upgrade project [C]//Proceedings of the 7th International Particle
Accelerator Conference. Busan: INSPIRE, 2016: 2867-2870.

SCHROER C G, AGAPOV I, BREFELD W, et al. PETRA 1V: the ultralow-emittance source project at DESY [J]. Journal of
Synchrotron Radiation, 2018, 25: 1277-1290.

JIAO Y, XU G, CUI X H, et al. The HEPS project [J]. Journal of Synchrotron Radiation, 2018, 25: 1611-1618.

TAO Y. Groundbreaking ceremony at the high energy photon source in Beijing [J]. Synchrotron Radiation News, 2019, 32(5):
40.

SHEN G, PRAKAPENKA V B, ENG P J, et al. Facilities for high-pressure research with the diamond anvil cell at GSECARS
[J]. Journal of Synchrotron Radiation, 2005, 12: 642—-649.

SHEN G Y, CHOW P, XIAO Y M, et al. HPCAT: an integrated high-pressure synchrotron facility at the advanced photon
source [J]. High Pressure Research, 2008, 28(3): 145-162.

ANDRAULT D, ANTONANGELI D, DMITRIEV V, et al. Science under extreme conditions of pressures and temperatures at
the ESRF [J]. Synchrotron Radiation News, 2013, 26(5): 39—44.

HIRAO N, KAWAGUCHLI S I, HIROSE K, et al. New developments in high-pressure X-ray diffraction beamline for diamond
anvil cell at SPring-8 [J]. Matter and Radiation at Extremes, 2020, 5(1): 018403.

LIERMANN H P, KONOPKOVA Z, MORGENROTH W, et al. The extreme conditions beamline P02.2 and the extreme
conditions science infrastructure at PETRA Il [J]. Journal of Synchrotron Radiation, 2015, 22: 908-924.

XU W. Nuclear resonant scattering program in China: opportunities and challenges at the high energy photon source in Huairou
[J]. Mossbauer Effect Reference and Data Journal, 2017, 40: 213-218.

MAO H K, XU J, STRUZHKIN V V, et al. Phonon density of states of iron up to 153 gigapascals [J]. Science, 2001,
292(5518): 914-916.

LIU J, HU Q Y, KIM D Y, et al. Hydrogen-bearing iron peroxide and the origin of ultralow-velocity zones [J]. Nature, 2017,
551(7681): 494-497.

KUPENKO I, APRILIS G, VASIUKOV D M, et al. Magnetism in cold subducting slabs at mantle transition zone depths [J].
Nature, 2019, 570(7759): 102-106.

WU J J, LIN J F, WANG X C, et al. Pressure-decoupled magnetic and structural transitions of the parent compound of iron-
based 122 superconductors BaFe,As, [J]. Proceedings of the National Academy of Sciences of the United States of America,
2013, 110(43): 17263-17266.

050101-11


http://dx.doi.org/10.1073/pnas.1721425115
http://dx.doi.org/10.1038/s41467-018-06071-x
http://dx.doi.org/10.1088/1674-1056/25/7/076106
http://dx.doi.org/10.1080/08957959.2016.1198903
http://dx.doi.org/10.11858/gywlxb.2016.06.016
http://dx.doi.org/10.11858/gywlxb.2016.06.016
http://dx.doi.org/10.1080/08940886.2019.1582289
http://dx.doi.org/10.1107/S1600577518008858
http://dx.doi.org/10.1107/S1600577518008858
http://dx.doi.org/10.1107/S1600577518012110
http://dx.doi.org/10.1080/08940886.2019.1654833
http://dx.doi.org/10.1107/S0909049505022442
http://dx.doi.org/10.1080/08957950802208571
http://dx.doi.org/10.1080/08940886.2013.832591
http://dx.doi.org/10.1063/1.5126038
http://dx.doi.org/10.1107/S1600577515005937
http://dx.doi.org/10.1126/science.1057670
http://dx.doi.org/10.1038/nature24461
http://dx.doi.org/10.1038/s41586-019-1254-8
http://dx.doi.org/10.1073/pnas.1310286110
http://dx.doi.org/10.1073/pnas.1721425115
http://dx.doi.org/10.1038/s41467-018-06071-x
http://dx.doi.org/10.1088/1674-1056/25/7/076106
http://dx.doi.org/10.1080/08957959.2016.1198903
http://dx.doi.org/10.11858/gywlxb.2016.06.016
http://dx.doi.org/10.11858/gywlxb.2016.06.016
http://dx.doi.org/10.1080/08940886.2019.1582289
http://dx.doi.org/10.1107/S1600577518008858
http://dx.doi.org/10.1107/S1600577518008858
http://dx.doi.org/10.1107/S1600577518012110
http://dx.doi.org/10.1080/08940886.2019.1654833
http://dx.doi.org/10.1107/S0909049505022442
http://dx.doi.org/10.1080/08957950802208571
http://dx.doi.org/10.1080/08940886.2013.832591
http://dx.doi.org/10.1063/1.5126038
http://dx.doi.org/10.1107/S1600577515005937
http://dx.doi.org/10.1126/science.1057670
http://dx.doi.org/10.1038/nature24461
http://dx.doi.org/10.1038/s41586-019-1254-8
http://dx.doi.org/10.1073/pnas.1310286110

i34 % = JE Ll i 2% Eitd 55

[33]

[34]

[35]

[36]

(371

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

(471

[48]

[49]

[50]

TROYAN I, GAVRILIUK A, RUFFER R, et al. Observation of superconductivity in hydrogen sulfide from nuclear resonant
scattering [J]. Science, 2016, 351(6279): 1303—-1306.

BI W, SOUZA-NETO N M, HASKEL D, et al. Synchrotron x-ray spectroscopy studies of valence and magnetic state in
europium metal to extreme pressures [J]. Physical Review B, 2012, 85(20): 205134.

BI W, LIM J, FABBRIS G, et al. Magnetism of europium under extreme pressures [J]. Physical Review B, 2016, 93(18):
184424.

CAI'Y Q, MAO H K, CHOW P C, et al. Ordering of hydrogen bonds in high-pressure low-temperature H,O [J]. Physical
Review Letters, 2005, 94(2): 025502.

SHIEH S R, JARRIGE I, WU M, et al. Electronic structure of carbon dioxide under pressure and insights into the molecular-to-
nonmolecular transition [J]. Proceedings of the National Academy of Sciences of the United States of America, 2013, 110(46):
18402-18406.

LEESK,KIMY H, YI'Y S, et al. Oxygen quadclusters in SiO, glass above megabar pressures up to 160 GPa revealed by X-
ray Raman scattering [J]. Physical Review Letters, 2019, 123(23): 235701.

CHEN B J, PARSCHKE E M, CHEN W C, et al. Probing cerium 4f states across the volume collapse transition by X-ray
Raman scattering [J]. The Journal of Physical Chemistry Letters, 2019, 10(24): 7890-7897.

MEIRER F, CABANA J, LIU Y, et al. Three-dimensional imaging of chemical phase transformations at the nanoscale with full-
field transmission X-ray microscopy [J]. Journal of Synchrotron Radiation, 2011, 18(5): 773-781.

LIU H Z, WANG L H, XIAO X H, et al. Anomalous high-pressure behavior of amorphous selenium from synchrotron x-ray
diffraction and microtomography [J]. Proceedings of the National Academy of Sciences of the United States of America, 2008,
105(36): 13229-13234.

XIAO X H, LIU H Z, WANG L H, et al. Density measurement of samples under high pressure using synchrotron
microtomography and diamond anvil cell techniques [J]. Journal of Synchrotron Radiation, 2010, 17(3): 360-366.

WANG J Y, YANG W G, WANG S8, et al. High pressure nano-tomography using an iterative method [J]. Journal of Applied
Physics, 2012, 111(11): 112626.

LIN Y, ZENG Q S, YANG W G, et al. Pressure-induced densification in GeO, glass: a transmission x-ray microscopy study [J].
Applied Physics Letters, 2013, 103(26): 261909.

ZENG Q S, KONO Y, LIN Y, et al. Universal fractional noncubic power law for density of metallic glasses [J]. Physical
Review Letters, 2014, 112(18): 185502.

KATAYAMA Y, INAMURA Y, MIZUTANI T, et al. Macroscopic separation of dense fluid phase and liquid phase of
phosphorus [J]. Science, 2004, 306(5697): 848—-851.

LIUY J, WANG J Y, AZUMA M, et al. Five-dimensional visualization of phase transition in BiNiO; under high pressure [J].
Applied Physics Letters, 2014, 104(4): 043108.

ZHU W L, GAETANI G A, FUSSEIS F, et al. Microtomography of partially molten rocks: three-dimensional melt distribution
in mantle peridotite [J]. Science, 2011, 332(6025): 88-91.

SHI C Y, ZHANG L, YANG W G, et al. Formation of an interconnected network of iron melt at Earth’s lower mantle
conditions [J]. Nature Geoscience, 2013, 6(11): 971-975.

YUAN Q X, ZHANG K, HUANG W X, et al. Conceptual design of TXM beamline at high energy photon source [J]. AIP
Conference Proceedings, 2019, 2054(1): 050002.

050101-12


http://dx.doi.org/10.1126/science.aac8176
http://dx.doi.org/10.1103/PhysRevB.85.205134
http://dx.doi.org/10.1103/PhysRevB.93.184424
http://dx.doi.org/10.1103/PhysRevLett.94.025502
http://dx.doi.org/10.1103/PhysRevLett.94.025502
http://dx.doi.org/10.1073/pnas.1305116110
http://dx.doi.org/10.1103/PhysRevLett.123.235701
http://dx.doi.org/10.1021/acs.jpclett.9b02819
http://dx.doi.org/10.1107/S0909049511019364
http://dx.doi.org/10.1073/pnas.0806857105
http://dx.doi.org/10.1107/S0909049510008502
http://dx.doi.org/10.1063/1.4726249
http://dx.doi.org/10.1063/1.4726249
http://dx.doi.org/10.1063/1.4860993
http://dx.doi.org/10.1103/PhysRevLett.112.185502
http://dx.doi.org/10.1103/PhysRevLett.112.185502
http://dx.doi.org/10.1126/science.1102735
http://dx.doi.org/10.1063/1.4863229
http://dx.doi.org/10.1126/science.1202221
http://dx.doi.org/10.1038/ngeo1956
http://dx.doi.org/10.1063/1.5084620
http://dx.doi.org/10.1063/1.5084620
http://dx.doi.org/10.1126/science.aac8176
http://dx.doi.org/10.1103/PhysRevB.85.205134
http://dx.doi.org/10.1103/PhysRevB.93.184424
http://dx.doi.org/10.1103/PhysRevLett.94.025502
http://dx.doi.org/10.1103/PhysRevLett.94.025502
http://dx.doi.org/10.1073/pnas.1305116110
http://dx.doi.org/10.1103/PhysRevLett.123.235701
http://dx.doi.org/10.1021/acs.jpclett.9b02819
http://dx.doi.org/10.1107/S0909049511019364
http://dx.doi.org/10.1073/pnas.0806857105
http://dx.doi.org/10.1107/S0909049510008502
http://dx.doi.org/10.1063/1.4726249
http://dx.doi.org/10.1063/1.4726249
http://dx.doi.org/10.1063/1.4860993
http://dx.doi.org/10.1103/PhysRevLett.112.185502
http://dx.doi.org/10.1103/PhysRevLett.112.185502
http://dx.doi.org/10.1126/science.1102735
http://dx.doi.org/10.1063/1.4863229
http://dx.doi.org/10.1126/science.1202221
http://dx.doi.org/10.1038/ngeo1956
http://dx.doi.org/10.1063/1.5084620
http://dx.doi.org/10.1063/1.5084620

i34 % ZRBEAR AT B DU RE IR A 4R G IR HEPS K o FEAH G2k vl 15 55

Introduction of Fourth-Generation High Energy Photon Source HEPS and
the Beamlines for High-Pressure Research

LI Xiaodong, YUAN Qingxi, XU Wei, ZHENG Lirong
(Institute of High Energy Physics, CAS, Beijing 100049, China)

Abstract: The High Energy Photon Source (HEPS) located at Huairou’s Science City in Bejing, one of the
key projects listed in the “13™ Five-year Plan for national major scientific and technological infrastructure”,
has been under construction since 2019. HEPS will be a world-leading 4™ generation high energy synchrotron
radiation source featuring very low emittance, very high brilliance and high X-ray energy (about 300 keV).
The new light source will provide X-ray probes with smaller size, higher brightness and better coherence for
scientific researches. Synchrotron radiation technology has helped researchers achieve rich results in high-
pressure research. In turn, the demand for high-pressure research is also promoting the development of
synchrotron radiation experiment technology. In this paper, the design of the beamlines in the HPES phase |
for high-pressure research are introduced, including a high-pressure beamline, an X-ray absorption
spectroscopy beamline, a hard X-ray high energy resolution spectroscopy beamline and a transmission X-ray
microscopy beamline. It is expected to help users well understand the functions of these beamlines, and
further promote the development of synchrotron radiation high-pressure research together with the user
community via seamless integration of techniques and users’ various requirements for advancing high-
pressure science.

Keywords: high energy photon source; high pressure; beamlines
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