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P61B LVP Mission
First publications using X-rays
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Beamline layout
The Large Volume Press (LVP) extreme conditions beamline

(50% X-rays, 50% offline operation)

High resolution imaging

Energy-Dispersive XRD

Multi-purpose white beam station optimized for the study of crystalline
materials (& liquids) under (ultra-)high pressure, temperature and stress 

Ultrasonic 

velocity

measurements

Acoustic 

Emission

detection

2.2 mm

1.7 
mm

Full beam size
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- ‘Rapid access’ 

- Submit proposal any time, no external review

- Synthesis of novel (recoverable) materials

- Band-gap tuning/semiconductors, optical 

windows, super-hard/conductive, catalyzers, 

hydrogen storage

- Trial experiments before (scheduled) beam time

P61B LVP Mission
Access modes

For 50% beam availability ( submit by: 01.03.2023 ) For 50% LVP availability (no X-rays)

1

2

4

Looking forward 

to your proposals 

3

Equations

of State

5
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Beamline layout
Flux comparison with other white X-ray, LVP beam lines

Flux at P61

Peak at @ 50 keV

~1012 ph/s/mm2

Integrated flux (1FT)

~1014 ph/s/mm2

If you need white X-rays < 40 keV, 

then PSICHÉ (Soleil) can be interesting.

For all other needs (high-energy white X-rays), 
P61B LVP excels in the world.
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The LVP ‘Aster-15’
Key specifications

Maximum load 15 MN – 5 MN/axis

Ram position control 1 µm step – 100 mm

Oil pressure control 0.5 bar – 620 bar/ram

Anisotropic compr. Axial symmetric, triaxial

5-axis stage x,y1,y2,z (± 100 mm), rotation: ± 11.5°

Combined weight ca. 45 ton

‘Aster-15’ mavo press LPQ6-1500-100

+ Detector positioning system

X-ray 

microscope 2x Ge-SSD

+ collimator 

slit system

© DESY Marta Mayer
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High-pressure techniques

© DESY Marta Mayer

Recovered assembly after compression

ZrO2

MgO

Sample

chamber

MgO

+Cr2O3

Furnace

(e.g. graphite)

Electrical 

current

 PTM sizes from 18 mm to 7 mm →

‘Kawai’ 6-8 mode 

(octahedral PTM)

Typical assembly

| Status & development of P61B LVP at PETRA III, DESY | R. FARLA, 26.01.2023



Page 8

BL parametersIntroduction SummaryInstrumentationHP techniques DevelopmentResearch

© DESY Marta Mayer

‘Kawai’ 6-8 mode

(octahedral PTM)

Recovered assembly after compression
Smaller

Assembly

= 

Higher 

Pressure

Useful for standard isotropic 

compression and UHP studies.

High-pressure techniques
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‘Hall’ 6-6 mode

(cubic PTM)
Recovered assembly after compression

 New! 

Large cBN

anvil.

Boron-epoxy

PTM

High-pressure techniques
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‘Hall’ 6-6 mode

(cubic PTM)
Recovered assembly after compression

 New! 

Large cBN

anvil.

ex-

situ Useful for 

high-P/T

in situ rock 

deformation 

studies.

110 mm

Triple-stage 

using PCD anvils → Boron-epoxy

PTM

High-pressure techniques
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X-ray powder diffraction using white beam

Various 

measurement 

positions of 

Ge-detectors (x2)

Energy-dispersive X-ray diffraction (ED-XRD) in the Large Volume Press

1. High spatial resolution (define gauge volume)
→ avoid high temperature & pressure gradients

→ no diffracted X-rays from sample environment

2. Fast acquisition (can be < 10 s) 

3. Large Q-range (1 – 12 Å-1, special case up to 25 Å-1)
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The whitebeam X-ray microscope
X-ray radiography

• PCO.edge 5.5 MP sCMOS

• True global & rolling shutter

• 100 fps @ full-resolution 

(up to 1000 fps for ROI)

• Live view & frame capture

• Double objectives (5x, 10x)

• LVP Z-stage imaging scan

• Scintillators (thickness):

• GGG:Eu (32 ph/keV)

20, 40 µm, best resolution

• GaGG:Ce-HL (54 ph/keV)

150, 200 µm, ultra-bright

4.5 mm
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HPHT synthesis of novel nitrides
World of Nitrides

Metal and non-metal Nitrides 

Cyanamides/Cyanides

Oxy-nitrides, Sialons etc

Perinitrides , Nitride Halides 

Superconductivity (NbN, HfN)

Hard Materials (c-BN, γ-Si3N4)

Magnetic (FeN), Catalysis (Ta3N5, TaON)

Luminescence (SiAlON) 

Semiconductors  (GaN, AlN )

Cyrstal Growth

High-Pressure Synthesis

New Routes, e.g., CVD etc

Compounds

Preparation
Properties / 
Applications

Nitrides
Theory
Structure

Properties

Predictions

Commercial ALONTM products

© Surmet Corporation

© SiAlON Co. Ltd (NIMS Japan)

© NTK Tools

© The Verge

Information provided by Dr. S. Bhat

Nitrides 
S. Bhat (DESY)

Novel High-pressure γ-Si3N4/Hf3N4 ceramic 

nanocomposites with excellent 

mechanical properties

Wei Li et al.

Submitted 09.11.2022

Acta Materialia
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HPHT synthesis of novel hydrides
World of Hydrides

Information provided by Dr. K. Spektor

Hydrides 
K. Spektor (DESY/Leipzig)

PHASE 1

Exploration of ternary hydrides at P61B
BH3NH3 (the internal hydrogen source)

• K – Si – H

• Ba – Si – H

• Li – Si(Ge) – H

• Ae – Si(Ge) – H

• RE – Si/Ge/Al/Ga – H

• K – Au – H

BaSiH~1.8 in the presence of H2 at ~9 GPa

compression

cubic BaSiH6

cooling to 

370 oC 

heating to 

410 oC

heating to 

590 oC

cubic BaSiH6

(Fm-3m, SnF3

structure type)
a ≈ 6.64 
(~8 GPa, 410 °C)

[BaH6]4-

[SiH6]2-

Pb Pb

Newly 

discovered 

phase!

Further refinement 

in progress…

1
1
1

2
2

0

PHASE 2

Investigation of unique properties

Potential superconductivity ?
(at relatively low P compared to DAC studies)

Formation and polymorphism of 

semiconducting K2SiH6 and strategy for 

metallization 

Vekilova et al.

Submitted 14.12.2022

Inorganic Chemistry

• K – Si – H
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Wave speed measurements 
Ultrasonic Interferometry: the Pulse – Echo technique

P ~ 9 GPa

P-wave anomaly in the Earth
Schimmel et al. 2003

1400 km

0 km

-1%

+1%

Information provided by Dr. A. Néri
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Ultrasonic Interferometry
A. Néri, L. Man & R. Farla (BGI / DESY)



Page 16

SummaryBL parameters HP techniquesIntroduction DevelopmentInstrumentation Research

Wave speed measurements 
Ultrasonic Interferometry: the Pulse – Echo technique

2 tP

Anvil

LiNbO3

crystal

Cell assembly

Sample

2 tP

Pulsed sinewave at discrete frequencies 

(20 – 60 MHz) with compression and 

shear wave components

Two-way travel time (2tP)

2tP…plus sample length

measurement by 

Radiography…

…to calculate P and S wave velocities!

Ultrasonic Interferometry
A. Néri, L. Man & R. Farla (BGI / DESY)
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Acoustic Emissions testing 
Exploring causes for Earthquakes at the laboratory scale

AE detection in the LVP at 

high P, T & Stress

→ 6 near-simultaneous hits, 

form an event.

→ Multiple events are located in 

sample volume, indicates 

cracking.

Combine with:

→ ED-XRD on sample to obtain 

phase and stress history

→ Radiography to obtain the

macro-strain history

Acoustic Emissions 
S. Ma & R. Farla

(Uni Ningbo / DESY)

x6

Brittle dehydration reactions and phase transformations in the Earth 

→ possible origin of earthquakes!

| Status & development of P61B LVP at PETRA III, DESY | R. FARLA, 26.01.2023
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Acoustic Emissions testing 
Benchmark tests on the in situ detection of silica glass fractures

• Adaptable MATLAB scripts for processing using: 

triggered (raw) waveforms and pre-calculated AE characteristics of events.

Manuscript accepted in 

Review of Scientific Instruments

AE Amplitude

AE Frequency

Acoustic Emissions 
S. Ma & R. Farla

(Uni Ningbo / DESY)
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Beamline development
Beamline software

Load-pressure conversion
NXS to GSAS(-II) conversion

Aster-15

Log-

viewer

▲Simultaneous P & T estimation (manuscript in prep.)

AE tools

| Status & development of P61B LVP at PETRA III, DESY | R. FARLA, 26.01.2023
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Beamline development
Beamline hardware (1/2) – the beam stop

| Status & development of P61B LVP at PETRA III, DESY | R. FARLA, 26.01.2023
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Beamline development
Beamline hardware (2/2) – monochromator update

2022 test using new beam stop

Si 111

flat Laue crystal 

on rotating 

goniometer

to the 

detector

2x Si diodes Metal foil 

sample
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Beamline development
Beamline hardware (2/2) – monochromator update

Flux at Ta K-edge 

(67.41 keV):

~9 x 109 ph/s

Crystal angle (°) Crystal angle (°)

N.B. crystal angle ≠ Bragg angle

Flux at Bi K-edge 

(90.53 keV):

~7 x 109 ph/s

Next steps: Must confirm flux with 
an ionization chamber…
…and await availability of budget.

0.5x0.5

mm2
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Mono beam
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Dedicated user operation at P61B

• LVP upgraded for wide range of in situ and 

ex situ experiments for wide P and T ranges.

• Ge-detectors provide excellent XRD data quality, 

high count rate (1 mcps), low acquisition time.

• Development of user-friendly GUIs and tools.

Support for new in situ experiments

1. Controlled rock deformation (2 Ge-SSD)

2. Acoustic Emissions (AE) w/ deformation

3. Ultrasonic wave speed measurements

(using 26 mm or 32 mm WC anvils)

4. Falling sphere viscosimetry

(w/ GaGG:Ce scint.)

Visit the beamline website 

http://tiny.cc/petra3p61

- Announcements

- Calls for proposals

- LVP access w/h X-rays

- Beamline software

- And more…

Summary

Looking forward 

to your proposals 
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