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~ state-of-the-art coherence times

* photonic qubits in atomic memories: ~50 ns
* nanoelectronic devices: ~30 seconds

* room temperature nuclear spins: ~40 minutes
* nuclear spins: ~6 hours
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(in the absence of environmental coupling)

Are there other fundamentally unavoidable
sources of decoherence?

are we safe?
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Interaction Picture
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Evolution operator Interaction Hamiltonian
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State after interaction

Evolution operator
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A coherent state is robust to interaction with a charged
field in the absence of charged particles.
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To leading order In g, the squeezed state
_ 2 71 _ 4 Is robust to interaction with a charged field
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Numerical results for cat state:
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Is it the Schwinger effect?

A process in which electron-positron pairs are spontaneously created in the
presence of an electric field, causing the decay of the electric field.

No Schwinger effect:
e Was originally calculated for a static electric field
e |s a non-perturbative effect
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Is it vacuum polarization?

A process in which a background EM field produces virtual
electron—positron pairs that change the distribution of
charges and currents that generated the original EM field
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“routinely observed
experimentally”

“have no measurable
Impact on any process”
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Q: Why is the cutoff soft?

A: A hard cutoff cuts the integrals sharply up to a momentum scale 1/epsilon. The
epsilon we introduced is equivalent to an exponential taper in the cutoff (higher
frequencies are suppressed by Exp(-\epsilon omega))

Q: Why is the cutoff soft?

A: The Wightman function dies like 1/g”2. A singularity at the origin arises
because there is too much weight at the high momenta end of the Fourier
transform. This can be remedied in Fourier space by using e -\epsilon gq}/gq"2
instead of 1/g/2. This kills off exponentially the large momenta (cutting off). The
larger \epsilon is, the smaller the cutoff. To get the Wightman function we integrate
the Fourier transform with this exponential tail. Then the \epsilon shows up in the
denominator, controlling the size of the divergence at the origin t'=t, x'=x.



