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Fig. 1 Optical layout of high-pressure beamline: (a) General focus modg€, (b) Stub-micrometer focus mode
(IVU: In-Vacuum Undulator; WBS: White Beam Slits; MBS: Mono Beamsslits; CCM: Channel-cut Monochromator;
CRL: Compound Refractive Lens; S1, S2, and S3: different sample/position; K-B: Kirkpatrick—Baez mirror)
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Fig.2 Typical X-ray focus beamsize at sample position S1: Horizontal (a) and vertical (b) beamsize focused at 30 keV using
CRLs. Black solid squares denote the measured intensity data, blue solid spheres and red lines represent the corresponding

first-derivative data and Gaussian fits to the derivative data, respectively. The yields FWHM represent the beamsize
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Table 1 Main optical technique parameters of high-pressure beamline at HEPS

GPT LHT Sub-pT
Source In-Vacuum Undulator
Monochromator Liquid-nitrogen-cooled Si(111) and Si(220) double crystal
Focus elements CRLI+CRL2a CRL1+CRL2b K-B
Focused beamsize at sample
position H x V* ~2.8 um x 2.4 um ~3.7 um x 3.5 um ~144 nm X 149 nm
Photon flux at sample position* ~1 x 103 phs/s ~2 x 102 phs/s ~9 x 10" phs/s
Energy 30keV, 40 keV, 50 keV 30 keV 30 keV

* The beam size and photon flux were measured at an X-ray energy of 30 keV and a storage-ring current of 100 mA.
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Fig. 3 Schematic layout of the experimental stations
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Fig.4 Sample positioning in the DAC sample chamber: (a) Optical microscope image of the sample in the DAC, (b) 2D scanning

intensity map showing the absorption contrast of the samples, (c) 1D intensity profile along the approximate center height of the sample hole

with peak positions corresponding to the sample locations
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Si 2M FEAF LHT “F& i H; IRAY NDTI1717HS RN 28 2 A 5 A R4 T AR A0 TE B8 X A A,
FHE T &L PDF M42 () XRD 206 . = 2RI 28 1 B e S8 0% 2.
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Table2 Main technique parameters of the detectors at the HEPS high-pressure beamline

Detector Specifications Parameters
Eiger 2 XE CdTe 16M Sensor material CdTe

Pixel size (um?) 75 % 75

Active area (mm?) 327.8 x311.2

Image bit depth (bit) 32/16

Maximum frame rate (Hz) 1000 (1 pixel x 1 pixel)
Pilatus 3X Si 2M Sensor material Si

Pixel size (um?) 172 x 172

Active area (mm?) 254.8 x 2915

Image bit depth (bit) 20

Maximum frame rate (Hz) 250 (1/pixel x 1 pixel)
IRAY NDT1717HS Sensor material Si

Scintillator Csl

Pixel size (um?) 139+ 139

Active area (mm?) 429 x'425

Image bit depth (bit) 16

Maximum frame rate (Hz)

30 (1 pixel x 1 pixel)
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ME T THBNREMALE, T BN PRG I 22 G5 B AT W I 0 R o 0 9284k . E AR #5 K T 464
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FEUEMELL AN B, R bRy FEIRIRIAEE T, IR ERIK, R1FI R2 % GIEAE X B 22 il oK
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i) B 24 1 I i Gliibe ARSI AR, T P AR B S50 75 SR A B R bR g JriE,  RHRE b I gk
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Fig.5 Image of membrane controlled high-pressure XRD experiment’setup‘at GPT sample stage
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Fig.6 Synchrotron XRD measurement of PbSnSe, under high pressurel3¥(a)/The x-ray diffraction patterns at various pressures collected at
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22 EERRITH

L XRD A B AT R R S M [ BRI I0 7. R oK XRD AHLG, B AT R
Sy ATE B ELR 5 S PR B, B B S SR LG, IR AT D AN [ S T AT S (R E S
T T R B R TR AR 5 S A R AT S B A B R LR B, PR RS, R, R
TALRRFN AL A S, AT EE IR SR A FE T 77 /E F R R AR 1 it B A L R A A A i1
iRk, BT, ALl COAKRTEGPT P &L T BN R I s LT XRD B KA 5 A H e
SEEG R A Biger 2 XE CATe\6M i PR #H i AT % . R IE=UCREH PR EdE 2 /T, Bk
TR RGEHAT JUATAR 2 & ABR-CeO brtER R XA fh— MBS P 29 . oty BRI R K
[ W EEE S S BORATAI D b s TERERE b, SR A R g A O R 7 il JOVEAT B i ik — 2 3T
FARA CrysAlisProl¥ I &% ) L5 AL . Fi F &L 7 00K OME A R AL 27 2H B (Mg 03, Feo.06)(Si1 03,Al
006)0¢» ZIAIEEN PbeaNo. 61), S HCHN a=18.2391(3) A. b=8.8117(2) A Fl ¢=5.18320(10) A. 1E
FOREENE BT, e R ok BEARE i 6 R 8 4 R R S 1Y) DAC TS X W 4R A A, FFH(ERE AL E
S e A, S, /£ DAC T e YFVEE N, BR5h DAC 233k Hhiess, %
BERAEA R AIR 15 R AT RO . FEROEAS 3 5T, T ewokssexrd BRALA0, ST
Eiger TRl %5 J5. 45 HDF5 %4 7] Esperanto #% U B 2h 464k, {0 RAE IIE¥E 5B B 112 CrysAlisPro
MBE ARG SRR RIS M RE . B 7 AR CrysAlisPro X i £k 3l GPT S246F & RN
ARE T TR A B it AT S B AT E A S SRAR IR 5 s B T o Y T LR HE S AT 5 R, TR
SR B RAF U — BRI T R 51 M, B0UF T ARZ sl AR ZS LA bR i« B A% UL e f AT S
PE AR 5] B A G5 R AT (00) 56 BE AL SR MR A B R



[/ B S S
CHINESE JOURNAL OF HIGH PRESSURE PHYSICS

K7 FIM CrysAlisPro S 1A 5 WA B8 5 158 5 s KT 1D

Fig.7 Reconstructed reciprocal-lattice planes of the ortho-enstatite single crystal generated’using,CrysAlisPro
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Fig.8 Radial high pressure XRD measurement: (a) Image of the radial high-pressure experimental setup, (b) Azimuthal
unwrapping of the two-dimensional radial XRD rings collected from the FeNi alloy at 38 GPa (Unpublished data)
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Fig.9 PDF results of the CuZr-based metallic glass under ambient and high-pressure conditions: (a) Structure function S(Q)
collected under ambient conditions, (b) the corresponding reduced pair distribution function G(r) obtained by Fourier
transformation of the ambient-pressure S(Q), (c) S(Q) collected under high-pressure conditions in a DAC, (d) the
corresponding high-pressure G(r) (Unpublished data)
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Fig.10 Low-temperature high-pressure XRD measurement: (a) Image of the low-temperature-high-pressure experimental

setup on the GPT, (b) XRD patterns of La;Ni,O7.5 collected during comptession at 24 K+
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Fig.11 Temperature measurement of the resistive heating high-pressure device: (a) Image of thetesistive-heating

high-pressure device, (b) Offline temperature testing with various resistive heating'wires
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Fig.12 Laser heating high pressure XRD measurement: (a) Image of double-sided laser heating at the LHT, (b) the
water-cooled copper DAC holder, (c) X-ray diffraction patterns of the CaFe,O,4-type phase under high-pressure and high-
temperature conditions. The vertical tick marks indicate the diffraction peaks of different phases under various pressure—

temperature conditions. Orange: CaFe,0,4-type phase; green: B2-type NaCl; blue: iridium (Unpublished data)

3.4 BASIELT S

AR BHE ARV R i AR A AR 3 35 AR SR TE S UL S S 5 s ATy, 7R Bt
FUIN I 250 15 TR AR AR B8 AR A 25 AR e I . (ERAS DAC JEAitlh bR Jig ek i e hn #08: MiA
XTifE 3¢ E (dynamic Diamond Anvil Cell, dDAC) , I8k i+ i i 7e & Fo P B R B 2% 1 (1) i A
A IREE A BT, AT SR S N AR B B S RS B, AT T R AN [ I ) R
NSNS EAR SR>, fKHE ID31 Al ) o 1l B SR ) @i %, dDAC Al AE P N
BOTRE AP R X S RATIAE 5, DL S5 M T A T 2 R B[] 23 R RAIE

AR b LA 1 B e R M R R B AN = F B B UK B 2 ADAC 2B . 5 s ] 2K 51 2 B A5 A A
PRI BRAETT (R, & & W MBI A MR SLs, ARSI R . A/ R ID31 Rl it il i)
= WL P B DK B2k B R TR )R B 30S), R AL 5 R R R AR R TR X 6 m] ik 240
TPa/s, REMEH 2 T fm DECH 2564 T B R 48 050 7oK o AEATS ORI, 2R ulific £ (1) Biger2
XE CdTe 16M 4R &% fx =i MiAR AT 35 1000 Hz, Al 2 SR Puigsln 28 ot 2 Ab 5 I 8] 7 #F XRD
BARWIRAET R GRSl e, R AERUE RGN [a) IR HA 2 0% 5 B ANE e LU I T 5
55, AT IEEAC S PR N LA e il 5 R B S TR )24y, 18] 18 7 T #E40 2.1x10% GPa/s I
BN, Al R ANAR ) AR ATS TLAT T R 1R PbS ZhASIEH SLB . WIURIRAS T, PbS A B1AH (&
R Fm-3m) o HESJPRIETE L3 GPa LU ER, S RELFIARAS, F50 AT 5 5 R4 Bl
FHATS I 73 2R8>k, SR IIMIAE B1 AHS (A1 AH RGBT St AR 2 40 AR OC &R, SCRPGE Nk 2% 1
N LA R R TR 9 RRAE (0 5 A% BB AR ML o iy lm] S5 IRIAT ST I e 4 i S R 0 588 B ) 22 S
AT e 5 PR LAR] R0 N RO % 57 T AN [l BAS DR n g A5 b S g 70 A . A0 ) AR AR 175 5
ZUSERIZRA K, HPIH LIS — BB T8 S5 G HASIMEE R, EAE % RE
i o 25 004 PoS MAHAR B AR L TS AlAH: RESEE T, PoS il ) 2R3 K A% - A KA
il A4 BL ARSI AR 1 B4R, AR N, A BRI AR I (A 4R R SE ik %30 1) % B AR
AHAZ R AT, AR B 24 e (A1 2.

(@) [axial ve1(200) | ® [radial N
4 4 aCl
2¥1x10* GRals 2.1x10* GPals
+ Be
A\
— — L *
) 39GPal & . 5.4 GPa
S S
8 S b
[ [
A 8 . 4.4 GPa
2 “ 35GPa| > .
w0 (72}
5 ol £ UL
C C
= = .
1.1 GPa Ol 1.8 GPa
| l l e R
1 N 1 N 1 N N 1 N 1 N 1

5 10 15 20 5 10 15 20
2 theta (°) 2 theta (°)

Pl 13 PbS 7ERIE N S5 bR A FIATH LA RSR 13 XRD 4528 (a) HhIa X, (b) f2misl CRREE
Fig.13 XRD results of PbS obtained during rapid loading experiments using different diffraction geometries: (a) axial

geometry, (b) radial geometry (Unpublished data)
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Table 3 Key performance parameters of representative high-pressure beamlines at high-energy synchrotron radiation

*3 BRSNS HERLESRETASELMNEELESY

facilities worldwide

Beamline Specifications Sample environment Methods

Energy range: 20~75 keV

Beamsize (FWHM, HxV):

Double-sided laser heating > 4000 K

2.8 um x 2.4 pm @30 keV (CRL)
1D31 Resistive heating > 1300 K XRD

144 nm % 149 nm @30 keV (K-B)

HEPS[3I i Cryostat <4 K PDF

Photon flux at sample position:

dDAC > 240 TPa/s

1 x 10" phs/s @ 30 keV (CRL)

9 x 10" phs/s @ 30 keV (K-B)

Energy range: 18~50 keV

Beamsize (FWHM, HxV):

5 um x 2 um @30 keV (K-B) Double-sided laser heating >6000 K XRD
16IDB 2 um x 1 pm @30 keV (K-B) Resistive heating > 1300’K PDF
APS-ULI 0.5 um x 0.5 pm @30 keV (K-B) Cryostat <4 K XRI

Photon flux at sample position: dDAC > 34 TPa/s

8.3 x 10! phs/s @30.491 keV (K-B)

1.4 x 102 phs/s @29.2 keV (K-B)

Energy range: 15~60 keV

Beamsize (FWHM, HxV):

0.22 um x 0.28 um @15 keV (K-B)

Deuble-sided laser heating > 5000 K~ XRD

0.47 um x 0.34 um @33 keV (K-B)
1D27 Resistive heating > 1000 K PDF

1.2 pm x 1.2 pm @33 keV (K-B)

ESRF-EBS[?! Cryostat <5 K XES

Photon flux at sample position:

P-E cell CXDI

7 x 102 phs/s @15 keV (K-B)

1 x 103 phs/s @33'keV (K-B)

2.2x10"? phs/s(@15.keV(K-B)

Energy range: 6~62 keV

Beamsize(EWHM, HxV): XRD
BLIOXU 3 wm x 2um @30 keV (CRL) Double-sided laser heating > 6000 K~ PDF

125 4im x 11 pm @62 keV (CRL) Resistive heating > 1300 K STFe-
SPring-8[24 58]

Phofon\flux at sample position: Cryostat <7 K Moéssbauer

1 x\10"° phs/s @30 keV (CRL) spectrometer

3%10'° phs/s @62 keV (CRL)

Energy range: 25.6+ 42.9 1 60 keV

Beamsize (FWHM, HxV):

Double-sided laser heating > 5000 K

P02.2 2 um % 2 pm (K-B) XRD
Resistive heating > 1800 K

PETRA 1> 3 pum x 1.2 um (CRL) PDF
Cryostat <4 K

59, 60] 0.8 um x 0.8 um (CRL) XRI

Photon flux at sample position:

1x10"2 phs/s @25.6 keV (K-B)

dDAC > 160 TPa/s

XRI: X-Ray Imaging; XES: X-ray Emission Spectroscopy; CXDI: Coherent X-ray Diffraction Imaging
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An Overview of the Capabilities of the High-Pressure Beamline at the High

Energy PhetonSource

ZHANG Fei!;, DONG Weiwei!, YANG Dengliang', GONG Yu!, LI Yanchun',
JIANG lJiayue!?, WANG Yushuang'-2, LI Xiaodong'-*
(1. Institute of High Energy Physics, Chinese Academic Sciences, Beijing 100049, China;,

2. University of Chinése Academy of Sciences, Beijing 100049, China)

Abstract: The high-ptessure beamline at High Energy Photon Source (HEPS) is designed for structural
studies of matter under extreme conditions. It primarily employs X-ray diffraction/scattering methods and
combines microsand hanometer-sized beams with diamond anvil cell techniques. The beamline is equipped
with an in-vacgum-undulator and liquid-nitrogen cooled Si(111)/Si(220) double-crystal monochromator,
providing X-fays/over an energy range of 20~75 keV. To meet the requirements of micrometer- and
submicrometer-scale experiments, two focusing schemes based on compound refractive lenses and advanced
Kirkpatrick—Baez mirrors are adopted. Benefiting from the low emittance, high brightness, and high
coherence of the fourth-generation synchrotron source, the focused X-ray beam size better than 5 um and
200 nm at the corresponding positions can be realized, with a maximum photon flux exceeding 1 x 103
photons/s. To accommodate different experimental methods and focusing configurations, the experimental
station comprises a general-purpose platform, a laser-heating platform, and a sub-micrometer platform. The
general-purpose platform additionally incorporates low-temperature, high-temperature, and rapid-loading
sample environment systems. The beamline supports a range of in-situ structural characterization methods,
including powder (polycrystalline), single-crystal, and radial X-ray diffraction, as well as atomic pair
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distribution function measurements. This paper presents an overview of the beamline’s main performance
parameters and methodological commissioning progress, demonstrates the capabilities of various
experimental methods through application examples, and provides prospect for future developments. The
beamline is expected to support broad multidisciplinary applications and contribute to the advancement of
high-pressure science and technology in China.

Keywords: synchrotron radiation source; high pressure beamline; diamond anvil cell; X-ray diffraction
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