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Extreme Condition 
Material Properties  

Overview 
The Static High Pressure (SHiP) Team in the Shock and 
Detonation Physics Group (M-9) provides high accuracy and 
high precision measurements of material properties at extreme 
pressures (>100 GPa) and temperatures (>3000 K) in support of 
LANL’s Science-based Stockpile Stewardship mission.  
Materials that are compressed and heated using diamond anvil 
cells and large volume pressure cells are studied using a suite of 
synchrotron-based diagnostics. 

The SHiP Team’s experimental operations at LANL are 
based at TA-46 (Bldg 31) with additional lab spaces in TA-03 
(Bldgs 34 and 40).  Experiments are conducted primarily at 
synchrotron X-ray sources, specifically the Advanced Photon 
Source (APS, Argonne National Laboratory), PETRA-III (DESY 
in Hamburg, Germany), and the European X-ray Free Electron 
Laser in Schenefeld, Germany. 

Students and postdocs are the next generation of high 
pressure scientists within the NNSA complex and, at any given 
time, they represent ~2/3 of our team.  We are committed to 
education and mentorship and maintain a healthy balance 
between basic, publishable research and programmatic data 
requested by our sponsors.   

Key Projects and Research 
The Static High Pressure Team’s research portfolio spans a 

broad spectrum, ranging from high-risk/high-reward fundamental 
research, funded by LANL Laboratory Directed Research and 
Development (LDRD), to providing high quality datasets using 
established techniques, typically funded by LANL Science 
Campaigns.  All of our experimental capabilities can be brought 
to bear on sample materials ranging from metals to oxides to soft 
polymers.  Additionally, we have established safety and security 
procedures in order to perform experiments with radiological, 
explosive, or other hazardous experiments even at open user 
facilities, such as the APS.  Current experimental thrusts include: 

Thermal Equation of State (EOS) Studies: In EOS 
experiments, a material is slowly compressed to high pressure 
inside a diamond anvil cell (DAC).  During the course of 
compression, X-ray diffraction (XRD) is used to determine how 
the material’s volume (or density) changes as a function of 
pressure.  These samples can also be heated resistively 
(~800 K) or with lasers (>3000 K) to provide a full pressure-
volume-temperature EOS for a material.  This work is 
performed in close collaboration with colleagues in LANL’s T- 
and CCS-Divisions. This work funded by LANL Science 
Campaigns. 

Dynamic Diamond Anvil Cell (dDAC): A dDAC is a method of 
compressing a DAC rapidly at strain rates up to ~103/s.  Time-
resolved XRD is used to probe the materials during 
compression and provides critical information about the time-
dependence of material EOS and also the kinetics of solid-
solid or solid-liquid phase transitions. This work funded by 
LANL LDRD. 

Large Volume Press (LVP) Ultrasound: In this work, larger 
(~mm3) samples are compressed using a hydraulic LVP, such 
as a Paris-Edinburgh or multi-anvil press, in situ at a 
synchrotron.  During the course of the compression, 
ultrasound time-of-flight, X-ray diffraction, and X-ray 
radiography measurements are simultaneously performed.  
These measurements enable us study sound speeds and 
elastic properties of materials at pressures up to ~10 GPa and 
temperatures up to ~2000 K.  This work funded by LANL 
Science Campaigns. 

Gigahertz Ultrasound in a DAC: The idea behind this work is 
similar to the LVP ultrasound, but the goal is to perform the 
measurements in a DAC rather than an LVP to study materials 

 
Much of the work performed by the Static High Pressure 

Team utilizes Diamond Anvil Cells (DACs, above) to 
compress sample materials (in green above) between two 
diamonds to pressures > 100 GPa.  A suite of diagnostics, 
such as X-ray diffraction (pictured above) allows for the 
study of material properties under extreme conditions. 



at much high pressures.  The small sizes involved require an 
innovative approach utilizing microfabrication of piezoelectric 
thin film transducers and high precision sample preparation 
and polishing.  This work funded by LANL LDRD. 

Capabilities 
• TA-46 lab: Experimental preparation in this lab utilizes:  

multiple high-powered Leica optical microscopes for DAC 
preparation and sample loading; a MicroSupport 
micromanipulator for precise DAC sample loading; equipment 
for DAC gasket preparation including a laser drill for precise 
and accurate sample chamber formation; and a state-of-the-
art ultrasound system for sound speed and elasticity 
measurements 

• TA-03 Bldg 3: Through collaboration with MPA-11 staff, we 
maintain a Paris-Edinburgh press for technique development 
and measurements that do not require X-rays.  This facility 
also has a fully-equipped large volume press sample 
preparation lab, including a lathe and CNC mill, and polishing 
equipment. 

• TA-03 Bldg 34:  Through collaboration with MPA-Q staff, this 
facility houses a Sanchez Technologies gas loading system 
which is used to prepare DACs for hydrostatic experiments, 
i.e. sample is surrounded by a gaseous/liquid medium.  This 
space also allows for the handling and loading of DACs with 
radiological samples. 

• HPCAT: LANL is a partner member of the High Pressure 
Collaborative Access Team (HPCAT) at the APS.  We have 
dedicated access to each of the four beamlines at HPCAT and 
perform the bulk of our experimental synchrotron work here. 

Highlights 
Select Recent Publications (SHiP authors bolded):  
• J.S. Pigott, N. Velisavljevic, E.K. Moss, D. Popov, C. Park, 

J.A. van Orman, N. Draganic, Y.K. Vohra, & B.T. 
Sturtevant, “Room temperature compression and equation 
of state of body-centered cubic zirconium,” Journal of 
Physics: Condensed Matter 32 12LT02 (2020) 

• K.C. Burrage, C.S. Perreault, E.K. Moss, J.S. Pigott, B.T. 
Sturtevant, J.S. Smith, N. Velisavljevic, & Y.K. Vohra, 
“Ultrahigh pressure equation of state of tantalum to 310 
GPa,” High Pressure Research (2019) 

• B.T. Sturtevant, E.K. Moss, Y. Kono & N. Velisavljevic, “A 
broadband technique for couplant-corrected pulse-echo 
measurements in a large volume pressure cell,” Proc. IEEE 
International Ultrasonics Symposium (2018) 

Named fellowships: Our postdocs have been remarkably 
successful at securing fellowships which provide both prestige 
and increased intellectual freedom in their research: 

• Larissa Q. Huston: G.T. Seaborg Institute Postdoctoral 
Fellow (2020-Present) 

• Jeffrey S. Pigott: Harold Agnew National Security 
Postdoctoral Fellow (2018- 2020) 

• Matthew Jacobsen: G.T. Seaborg Institute Postdoctoral 
Fellow (2015-2017) 

Major Awards: Our team has recently received internal and 
external recognition for programmatic excellence: 

• 2019 NNSA Defense Programs Award of Excellence: 
“Large Volume Press Team” for significant contributions 
to the Stockpile Stewardship Program. 

• 2019 LANL Distinguished Performance Award: “Team 
HiPPu (High Pressure Plutonium),” for contributions to the 
measurements of the physical properties of plutonium at 
high pressure. 

Point of Contact 
Blake Sturtevant, Static High Pressure Team Leader 
Email: bsturtev@lanl.gov 
Office: (505) 606-2243 
Cell: (505) 309-1143 
Team website: www.lanl.gov/diamonds 

 
LANL is a partner member of HPCAT (red star) at the 

Advanced Photon Source, where we conduct most of our 
experimental work.  Through collaborations, we also 
perform extreme condition research at multiple other 

beamlines (yellow stars) at the APS. 
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