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Supersolid

• "Superfluid-like solid"
• Intensively discussed by theorists in 1970s
• Still uncertain
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Outline

• The pre-history of supersolid
– Bose-Einstein Condensation(1924-25)
– Superfluid(1937)

• Theoretical discussion
• Experimental search

– Method
– Result
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Bose-Einstein Condensation

• Originally studied by Bose and Einstein
• Basic idea: Boson can be condensed into 

ground state
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Bose-Einstein Condensation

• From Phys 112 (S12), B.Sadoulet
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Bose-Einstein Condensation

• Originally studied by Bose and Einstein. 
• Basic idea: Boson can be 'squeezed' into 

ground state.
• Ideal gas
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Bose-Einstein Condensation

• Anderson et al. (1995)
• Gas at low temperature for 'ideal gas' 

(87Rb)
• http://www.colorado.edu/physics/2000/bec/

index.html for more about this
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Bose-Einstein Condensation
• Originally studied by Bose and Einstein. 
• Basic idea: Boson can be 'squeezed' into 

ground state.
• Ideal gas: 

– No correlation between any two states
– Nor among particles.

• What can be treated as ideal gas?
– Cold gas
– Anything else?
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Superfluid

• Certain fluid can do it.
• Actually found long before gaseous BEC.
• Discovered and later explained.(1937)
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Superfluid(4He)

• Discovery: Pyotr Kapitsa, John F. Allen, and Don 
Misener
– Abnormally high heat conductivity
– Explanation: convection
– Indicates very low viscosity

• Explained: London, Landau, etc. 
– Relating this phenomenon with BEC
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Superfluid(4He)

• Why this system can have BEC?



3/14/2013 Yixing Fu - Physics 141A 12

Bose-Einstein Condensation
• Originally studied by Bose and Einstein. 
• Basic idea: Boson can be 'squeezed' into ground 

state.
• Ideal gas: 

– No correlation between states
– Not modified by the presence of other particles.

• What can be treated as ideal gas?
– Cold gas
– Anything else?

Analogy
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Superfluid(4He)

• Why He fluid analogy to ideal gas? 
Criteria? 

• Feynman: Partition function
(DOI:10.1103/PhysRev.91.1291)

• Bogoliubov: Momentum space
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Superfluid(4He)
• Bogoliubov's idea:

– For particles without 
interaction:

– With interaction:

Where nM is the largest 
eigenvalue of σ1, defined by

Switching into momentum space:
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Superfluid(4He)

• Why analogy to ideal gas? Criteria? 
• Feynman: Partition function

(DOI:10.1103/PhysRev.91.1291)

• Bogoliubov: Momentum space
• Penrose and Onsager
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Supersolid?

• Can these be extended to happen in 
solid?

• O. Penrose and L. Onsager: 'proved' that 
superfluidity can only occur with fluid-like 
phase.(1956)
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O. Penrose and L. Onsager

• Based on Bogoliubov's criteria
• Define weak interaction:

– Finite R that limits correlation inside
• Lattice structure always leads to strong 

long range interaction
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Supersolid?

• Can these be extended to happen in 
'solid'?

• O. Penrose and L. Onsager: 'proved' that 
superfluidity can only occur with fluid-like 
phase.(1956)

• L. Reatto and G. V. Chester, Lifshitz, 
proposed a possiblity for superfluidity to 
appear simoutaneously with solid.
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L.Reatto and G.V.Chester

• New theoretical progress:
– Effective potential in lattice MAY decay fast 

enough
• Criteria: finite fraction of vacancy.
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Difficulty

• Maybe exists, maybe not theoretically
• To make things worse, the property of 

'supersolid' is not clearly predicted.
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Experimental attempt to search 
for super solid

• Create supersolid
• Identify supersolid
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First Attempt

• Embed a ball in Helium crystal and 
measure the movement of the ball.

• A. Andreev et al. (1969)
• H. Suzuki (1973)
• V. L. Tsymbalenko (1976)
• Goal:

– Check the premises: investigate vacancies.
– See if there is non-classical movement
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First Attempt
• Equipment

Andreev                     Suzuki                Tsymbalenko
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First Attempt

• Investigate plastic flow
• Turn out to be the motion

of dislocation
• Also, not so much vacancy
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Further Attempt

• W. M. Saslow(1976) gives calculation 
indicating a fraction of 10-1 to be expected.

• D. S. Greywall(1977):
Look for flow of He 
Directly.
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Further Attempt

• A. J. Leggett (1970) suggests nonclassical 
rotational inertia.

• D. J. Bishop et al.(1981)
• Result: nothing non-

classical
• 5 10-6 if exist
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After 1981

• Gas BEC discovered in 1995
• But no significant progress in supersolid
• Until...
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Some sort of success...

• E. Kim and M. H. W. Chan(2004)
• Claim a probable observation
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Some sort of success...

• Follows Bishop's 
method but improved
in tech

• Vycor glass
• High Q
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Some sort of success...

• Change in momentum
of inertia

• Independent from
solid-liquid phase
change

• May be supersolid
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Some sort of success...
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But
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But

• Evidence swept out.
• The 'abnormal' 

produced by the 
equipment
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Other observations

• Shear modulus
(2010)
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Other observations

• Heat capacity 
peak(2007)
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Open Future

• Theoretical prediction not swept out. 
– Except for the case of homogeneous crystal

• Ambiguity saves this phase, while 
producing a dilemma.
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Why Concerned?
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