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Superconductor
For regular conductors, the ground state has finite
conductivity
For superconductors, the ground state has paired up
electrons ("Cooper pair")
The Cooper pair is still charged, so it conducts and gives
rise to a supercurrent
The pairs don't transfer energy, so they're heat insulators
too
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Topological superconductor

A superconductor with a non-
zero topological invariant
Allows for the existence of
massless Dirac fermions on the
surface
Characteristic velocity v
proportional to the
superconducting gap Δ
Makes the surface interesting
from a thermal point of view: a
heat current can exist
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Topological superconductor

Our system:
Class DIII: has particle-hole
and time-reversal symmetry
Can have a spatially varying
surface velocity profile v(x,y)
Spatially varying the surface
fermion velocity creates a
(2+1)D curved spacetime¹
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1. Ghorashi et al., Criticality across the energy spectrum from random artificial gravitational lensing in two-dimensional Dirac
superconductors Phys. Rev. B 101, 214521 (2020)



How do we get the metric?

Particle-hole and time-reversal symmetry constrain the
action to be of the form¹

1. Ghorashi et al., Criticality across the energy spectrum from random artificial gravitational lensing in two-dimensional Dirac
superconductors Phys. Rev. B 101, 214521 (2020)

which we compare with the covariant action for fermions



How do we get the metric?

This lets us make the identification¹

1. Ghorashi et al., Criticality across the energy spectrum from random artificial gravitational lensing in two-dimensional Dirac
superconductors Phys. Rev. B 101, 214521 (2020)

which, along with the conditions,

gives us the metric
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A quench on the surface
Homogeneous velocity v₀ on
the surface gives a flat
spacetime
Our quench: engineer the
material such that the velocity
is forced to be zero in a strip
This does not necessarily kill
the superconductivity in the
bulk
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Effects of the quench
The curvature in the quenched
part blows up: an analog black
hole is created
The event horizon is a
curvature singularity
Choosing a velocity profile lets
us get the classical particle
trajectories
Writing a quantum field theory
on this system lets us
calculate the thermal
properties of the surface

0 R



The spacetime diagram



The spacetime diagram
Outgoing Hawking radiation



The spacetime diagram
Outgoing Hawking radiation

Cause heat accumulation
near the event horizon



The spacetime diagram
Outgoing Hawking radiation

Cause heat accumulation
near the event horizon

The rest are trapped!



Classical trajectories

Can get the trajectories
before and after the
quench, and for all time
Matching the two at the
quench gives us the
relation between the
two parameters



The field theory

Can write field theories before
and after the quench that are
related by a Bogoliubov
transformation

Start with the past vacuum
state and get the particle
number in the future



The field theory

In the low frequency limit, we
get the Fermi function

The past vacuum state is not a
vacuum state in the future,
and the particle number has a
thermal profile
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Hawking radiation
Immediately after the quench,
a heat wave is released
After the wave dies down, one
can observe spontaneous
radiation from the black hole:
Hawking radiation
The temperature of the
radiation is related to the
event horizon and surface
gravity ⲕ

0 R



Outlook: Two interesting observations
Though analytic calculations suggest Hawking radiation,
simulations of a wave packet on a discretized lattice are
not in agreement - currently trying to answer why (maybe a
topological obstruction?)
Negative energy builds up at the horizon while the partner
lives inside - they are separated



Conclusion

Massless Dirac fermions on the surface of topological
superconductors create a (2+1)D curved spacetime on the
surface
Forcing their velocity to be zero forms a black hole on the
surface, which radiates with a Hawking temperature of
κ/2π
An avenue to investigate the black hole information
paradox - an extra dimension is readily available!
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