
Reaching Terapascal Pressures

Opportunity
• High-pressure research opens fertile 

grounds for the observations of new 
phenomena and formations of new 
materials.  

• The ultimate scope is defined by our 
capability to reach the highest 
pressures.

Challenge
• To exceed the present ceiling of 400 

GPa, we need ever smaller anvil 
tips. 

• New FIB machining can produce 
submicron size diamond anvil tips 
necessary for terapascal pressures.

• Submicron x-ray diffraction is 
required for determination of the 
pressures based on the sample 
equations of state

4GSR Strength:
• MBA APS provides the ideal probes 

for nanoscale x-ray diffraction at 
pressure.
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Example: A = 300 µm, B = 30µm, θ = 8.5° for 0.3 ct diamond to reach 300 GPa.

Extreme High Pressures Depends Upon 
Extreme Small Area

DAC: P = F/ A
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Anvils on top of anvils 
to reach 400 GPa



Dubrovinskaya et al.,  Nature Comm., 23 Oct. 2012

Static Pressures above 400 GPa



The Terapascal Race needs nm 
probes



25GPa?

Not yet

77k, 250 GPa  nearly 
opaque 

Metallic Hydrogen 
the holy grail of high pressure 

Science

Metallization 
at 450 GPa?

 Crystal 
structure?



McMahon, et al. Reviews of Modern Physics 84, 
1607 (2012).

From Theory

Phase diagram of hydrogen



McMahon, et al. Reviews of Modern Physics 84, 
1607 (2012).

From Theory

Phase diagram of hydrogen

From IR and Raman spectroscopy

“Cold” compression

Goncharov, A. F., et al. Low Temperature Physics 39, 
402-408 (2013).
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Crystal 
Structures 
Unknown!!
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XRD of H2  Phase I 

15µm hydrogen single crystal in a 
helium medium

119 GPa



From Theory



Possible molecular 
orientations (indicated via 
arrows) for dense 
hydrogen (phases II and 
III),

Theoretical Predictions

H2 Phase IV: Alternating graphene-like and 
molecular H2 layers?



The Challenge of H2 XRD 
above 100 GPa 

Growing a H2 
single crystal 
in He

100GPa
Diameter < 
10µm
Thickness < 5 
µm
200GPa
Diameter < 
4µm
Thickness < 2 
µm
300GPa
Diameter < 
2µm
Thickness < 1 
µm

~120 GPa             ~300 GPa 

Very weak hydrogen 
diffraction,
Very small sample,  
Very high background

We can see a 10x10x5 µm3 H2 crystal at 
16IDB ， but not 5x5x2 µm3 which is one 
order of magnitude less than the 
background ，



The Challenge of H2 XRD 
above 100 GPa 

100GPa
Diameter < 
10µm
Thickness < 5 
µm
200GPa
Diameter < 
4µm
Thickness < 2 
µm
300GPa
Diameter < 
2µm
Thickness < 1 
µm

Signal/background ratio 
1.2 for a  10µm H2 

crystalPilatus detector

Very weak hydrogen 
diffraction,
Very small sample,  
Very high background

MBA provides 
the ideal 
answer



Crystal Structures of Ultradense Hydrogen
Opportunity
• As the most abundant element in 

the Universe, hydrogen under high 
pressures has been the focus of 
intense theoretical and 
experimental investigations.

• X-ray diffraction data are 
desperately needed to resolve the 
crystal structure of phase III, IV, and 
V.

Challenge
• Recently optical spectroscopy 

studies have  revealed important 
new high-pressure phases of 
molecular hydrogen. 

• As the lightest element, hydrogen 
yields very weak x-ray diffraction 
signal. 

4GSR Strength:
• The submicron focusing capability 

and two of magnitude higher 
brilliance at  MBA APS will be 
essential  for meeting the challenge.
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Ultrahigh pressures are achieved 
at the expense of smaller sample 
size.  Only the structures of 
hydrogen I and II have been 
determined by x-ray with 10 µm 
sample up to 120 GPa.  The 
maximum size of 1-3 µm for 
phases III, IV, and V would 
required the new capabilities of 
MBA APS.
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