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High-Pressure Workshop at PSI

https://indico.psi.ch/event/17608/

High-pressure science and technical
developments for:
- neutrons
- X-rays
- muons
- and other techniques



• Lecture 1:

1. Why are we doing high pressure experiments?

2. What are the constituent parts?

3. How do we build the cells?

4. Different designs of the cells

5. How to measure pressure?

6. How do we transmit the pressure?

• Lecture 2:

1. Uniaxial pressure: different methods 

2. Uniaxial pressure: tips and tricks 

3. Pressure and background 

4. Computing background 

5. MuSR experiments at high pressure

3

Plan for the lectures



Why High Pressure?
Earth Sciences

James W E Drewitt 2021 J. Phys.: Condens. Matter 33 503004

Engineering materials

Food Sciences

Fundamental Science

Houston et al., Food Hydrocolloids 172, 111855 (2026)



Why is high pressure research important?

(In condensed matter and for potential applications)
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Engineering Hamiltonians

Shannon et al., 2006



Shannon et al., 2006

Engineering Hamiltonians



Shannon et al., 2006

Rocquefelte et al., 2012

Engineering Hamiltonians
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Why is high pressure research important?

(In condensed matter and for potential applications)

Guiding Design of New Materials
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Materials discovery at high pressures

Lijun Zhang et al., 

Nature Reviews Materials 2, 17005 (2017) 



Guiding Design of New Materials

Jansen., Angew. Chem. 41, 3746 (2002)



Guiding Design of New Materials

pressure

Jansen., Angew. Chem. 41, 3746 (2002)



Guiding Design of New Materials

pressure

“chemical
pressure”

Ba -> Y

Jansen., Angew. Chem. 41, 3746 (2002)



Why High Pressure?
Earth Sciences

James W E Drewitt 2021 J. Phys.: Condens. Matter 33 503004

Engineering materials

Food Sciences

Fundamental Science

Houston et al., Food Hydrocolloids 172, 111855 (2026)



Properties of radiation



Properties of radiation



Properties of radiation

Implications of weak interaction for 

neutron experiments:

 - Large samples are required

 + Works well with extensive SE

* The pain of setting up such 

experiments is worth it, because of 

the fantastic compatibility of energy 

(meV) and wavelength (0.1 nm) with 

properties at atomic level



Fundamental Limitation: Volume OR Pressure



Fundamental Limitation: Volume OR Pressure

Techniques in High Pressure Neutron Scattering (Stefan Klotz)



Fundamental Limitation: Volume OR Pressure

Techniques in High Pressure Neutron Scattering (Stefan Klotz)

X-ray beam size << 1mm

DACs for everything

Neutron beam size >> 1mm

Variety of methods based

on science needs

+ Other axes (B, T, chemicals)



Types of cells and constituent parts



Pressure cell

• Clamp/piston pressure cells

• Anvil cells (DAC, BAC, PEC, multi-anvil cells)

Pressure transmitting medium

• Liquid (Daphne oil, methanol:ethanol(:water), ...)

• Solid (NaCl, pyrophyllite, ...)

• Gas (He, N, Ar)

Pressure sensor

• Transport properties (manganin resistivity, Tc of In, Sn, Pb, ...)

• Fluorescence (ruby), EOS (NaCl, Au, ...), ...

Patience and steady hands ☺

PSI Center for Neutron and Muon Sciences23

Key ingredients for pressure generation





Different design of the cells

Pressure

Volume

Piston cells Paris-Edinburgh DAC



• What is the maximum achievable pressure?

• The single-cylinder strength is limited 

Piston - cylinder cells

• For b -> a, Pmax -> 0

• For a -> 0 and b -> inf., Pmax ->

Khasanov et al., 2022



• The interface has to provide the support:

Hot-cold insertion

Conical insertion

Piston - cylinder cells

Khasanov et al., 2022



• Basic considerations and limitations

Piston - cylinder cells

Khasanov et al., 2022



• Basic considerations and limitations

Piston - cylinder cells

Khasanov et al., 2022



Al 5 kbar – single wall gas cell



Gas cells -

RT He gas

LT Solid He



Gas cells -

If the heater is on, the lowest T is limited



Gas cells -

With the heater off, T < 2 K



TAV6-CuBe two-wall cell



Standard clamp cells



Standard clamp cells - I

Page 36

12 kbar cell for inelastic neutron scattering / single crystal wide-angle 

diffraction

• T down to 1.5 K (then 10 kbar max P)

• Outer diameter = 55 mm

• Inner diameter (for sample) = 7.4 mm

• Weight = 1.6 kg

1,9.-Nuts, steel

2,8.-Pistons support, steel

3,7.-Pistons, steel and WC

4.-Insert1, hard steel

5.-Insert2, hard Al alloy

6.-Cells body, hard Al alloy.
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Standard clamp cells - II

Page 37

1,11.-Nuts1, steel

2,9.-Nuts2, steel

3,10.-Pistons support, 

steel

4,8.-Pistons, steel and WC

5.-Insert1, hard steel

6.-Insert2, hard Al alloy

7.-Cells body, hard Al 

alloy.

17 kbar cell for inelastic neutron scattering / single crystal wide-angle diffraction

• T down to 1.5 K (then 15 kbar max P)

• Outer diameter = 78 mm

• Inner diameter (for sample) = 7.8 mm

• Weight = 2.6kg



Standard clamp cells - III

Page 38

Workhorse 15 kbar cell for neutron powder diffraction

• T down to 1.5 K (then 12-14 kbar max P).

• Outer diameter = 78 mm

• Inner diameter (for sample) = 8 mm

• TiZr ‘null-scattering’ alloy

1,2.- TiZr

3 – Steel support



Different design of the cells

Pressure

Volume

Piston cells Paris-Edinburgh DAC



Diamond Anvil Cells

Highest pressures available – 100s of GPa

As usual - volume or pressure

Gasket technology and preparation is key



Diamond Anvil Cells



Diamond Anvil Cells – from Universal



Diamond Anvil Cells – to Record Breaking



DAC Tools mSSDAC-80

• ADDAMS (N. P. M. Casati) & I15 (B. Ghosh) beamlines

• Culet 0.5 mm, accessible p ≈ 20 GPa

• Pressurizing – membrane (He gas)

• DAC Tools He-flow cryostat (lowest T ≈ 10 K)

23.01.2026PSI Center for Neutron and Muon Sciences44

XRD DAC at PSI – moderate, but very useful

YRu3Si2 (4.5 GPa, 100 K)



Kurchatov-LLB cells



A new take at ORNL

Cullet diameter approaching 1mm



Different design of the cells

Pressure

Volume

Piston cells Paris-Edinburgh DAC





Paris-Edinburgh Press
Opposed anvil technique

Neutron absorbing cBN anvils (or other alternatives – ZTA, SD)

TiZr or CuBe gaskets

Sample Volume 30-100 mm3



Paris-Edinburgh Press – ever evolving

Regularly used at varied temperatures

Recent innovation – DR + PE

Klotz et al., APL 127, 211904 (2025)

Measurements at 160 mK and 20 GPa

On the opposite side: 3-4 GPa with

higher volumes (ISIS)

Compatibility with high fields 



Determining the pressure



Determining the pressure

A cautionary story “no second transition”

Nominal pressure was

taken based on calibration tables

Led to wrong interpretations,

which were corrected after subsequent

experiments

You really should know the pressure!

Bettler, et. al PRB 96, 174431 (2017)

Perren, et. al PRB 92, 054413 (2015)

Thede et al., PRL 112, 087204 (2014)



Determining the pressure

Read out the gas pressure

For clamp cells –

estimated based on the P applied



Determining the pressure

Resistance of manganin

(HMI cell)

Superconducting transition P-dependence

AC susceptibility

Khasanov 2016, Naumov 2022
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Determining the pressure

Fluorescence, for example, Ruby lines



Determining the pressure

Fluorescence, for example, Ruby lines, or other materials

Naumov 2022



Determining the pressure

Equation of state: 

measure lattice parameters 

(and correct for temperature)

Mixing powder with NaCl or Pb

Brown 1999, Strässle 2014



Transmitting the pressure

Hydrostaticity difficult to achieve, especially at low-T

Gas medium is the best, but tricky to load

Practical choice – 4:1 methanol ethanol mixture (deuterated)



Thank you for your attention

Pressure

Volume

Piston cells Paris-Edinburgh DAC

Coming up tomorrow – Uniaxial Pressure, Background Mitigation and MuSR under pressure
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