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Background Physics - Helium
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Background Physics — Superfluids and Quantum Condensates
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Background Physics — Superfluids and Quantum Condensates

- Full hydrodynamic system of equations was first treated by (Landau 1941), (Landau
and Lifshitz 1959) and (Khalatnikov 1965).

Two-Fluid Model
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Background Physics — Superfluids and Quantum Condensates

- More complete microscopic description from (Onsager 1949), (London 1938 and
1954) and eventually Feynman (1955,1972) and (Anderson 1966).
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Background Physics — Josephson Junctions

- Quantum devices can follow when guantum phase can be measured -> Josephson

Junction
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Background Physics — Josephson Junctions

Superconductivity Superfluidity
* Macroscopic Quantum System * Macroscopic Quantum System
e Zero Electrical Resistance e Zero Viscosity
e Electrical Current * Mass Current
 Chemical Potential (Voltage)  Chemical Potential (Pressure)
e Critical Current Density * Critical Flow Velocity

SQUIDs, Qubits SHeQUIDS, Gyroscopes... Qubits?
Quantum Tunnelling of Cooper Pairs 4He Particles too massive to tunnel

Cooper pair mass 2m, « Helium mass m,=7000m,

Barrier Energy E, =1eV « Graphene barrier E;=20eV
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Background Physics — Josephson Junctions

- Leads to “Dayem Bridge” junction design for superfluids
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Background Physics — Josephson Junctions

- Josephson oscillations have been observed in superfluid 4He, only within ~10mK of T,
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Background Physics — Materials: Graphene

- Graphene appears to be completely impermeable to all atomic matter
- WKB approximation, 20eV barrier -> tunneling suppression by ~e =Y for conservative

barrier parameters
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Background Physics — Materials: Carboxy Fantrip
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Experimental Apparatus and Measurement Scheme - Cryogenics
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Experimental Apparatus and Measurement Scheme — PDH

Microwave Scheme
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Transient Data - 2um diameter hole
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Transient Data — Nanoporous Graphene

Nanoporous Graphene SuperFlow; Cap 0->100V
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SEM Before and After Measurement (all at Caltech)

Sample G1.2

Sample G1.3

Before Cooldown

After Cooldown
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Transient Data — Crystalline CVD Graphene
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Transient Data — Crystalline CVD Graphene

Normalized Superflow Comparison
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Transient Data — Exfoliated Graphene
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Transient Data — Normal Fluid Through Graphene

CVD Pristine Graphene G2.2; Cap 0->100V
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Gas flow measurements at room temperature also show at least
104 reduction (limited by leak cart background)
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Transient Data — Crystalline CVD Graphene — Superflow Model

CVD Pristing Graphens G2.2 SuperFlow; T=200miK: Cap 0100V
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- Consistent with 2um hole

- Critical Velocity
- Consistent with 2um hole ~25m/s
- Kapitza Resistance
- Consistent with approximate sinter area

- Capacitor Pressure
- Consistent with estimate ~0.1Pa

- Resonator and PDH parameters

- Taken from fitting
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Future Directions

Immediate:

- Final verification of graphene super-leak using sealed, exfoliated graphene flakes from
Jim Hone

- Theoretical explanation of graphene super-leak phenomenon

Remainder of PhD:

- Transport properties of multilayer graphene. Eventual weak-link?

- Transport through other 2D materials, such as MoS2, BN, Carboxy Fantrip, etc.

- Complete hydrodynamic modelling overall full temperature range, including Josephson
effects

Time Permitting:

- Implementation of a high-Q superconducting quarter-wave resonator as a fluid level-
meter

- Theoretical investigation of Superfluid Qubits and other potential superfluid
technologies

Next Generation of Students:
- Building superfluid quantum devices
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Cryogenic Valves
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Superfluid Qubits

PRELIMINARY FORMALISM ON SUPERFLUID QUBIT EQUATIONS

THOUGHTS ON HOW TO IMPLEMENT AND COUPLE TO A SUPERFLUID QUBIT





