Charged-vacuum-induced decoherence
of quantum states of light

Agata Bralczyk , Perimeter Institute
RQI-N 2019, Tainan, 31 May 2019

Olivier SImon Allison Sachs Eduardo Mart'n-Mart'nez
M Universi ity of
|§I m Waterloo I C
1 | | Stanford
PERIMETER INSTITUTE Quantum OpticsPlus.com barrio-RQl.org

University



Decoherence Is bad for quantum technologies
guantum superposition
1 1
—10) A 1
75100+ 5l

V2



Decoherence Is bad for quantum technologies

guantum superposition
Common source of decoherence:

1 1 coupling to the ENVIRONMENT

\/5|0> F—= 1)

V2

environment environment

loss of
coherence



Decoherence Is bad for quantum technologies

guantum superposition

1)

Common source of decoherence:
coupling to the ENVIRONMENT

o)+ —
No RN,

environment environment

coherence

~ 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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guantum superposition
Common source of decoherence:

1 1 coupling to the ENVIRONMENT
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are we safe?

(in the absence of environmental coupling)

Are there other fundamentally unavoidable
sources of decoherence?
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Interaction Picture
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Evolution operator Interaction Hamiltonian
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State after interaction

Evolution operator Interaction Hamiltonian

(A].: T exp (—ifdtﬁ[(t)) H(t) = —ex(%) /dng(w)Q : é(w)gﬂ(w) :

State after interaction

'5 — Uﬁ(())UT — p‘(o) + 01/3(0) + ﬁ(o)UlT + Ulﬁ(())UlT + [A]Qﬁ(()) + )5(0)0;
N— N—_—

first order second order
First-order term of U Second-order term of U
A~ . > t 3 L / t t
U1=1€/ dtx(T)/da: ——P/ dt/ dt’x T T
x F(x)Q(1) : o(t,x)d! (t, ) - / Pz / Bz F(z)F(z) Ot Ot)

) = Pt m)aﬂ(t z') :
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Evolution operator
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State of EM beld after interaction
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Assuming large alpha:  a' |a) ~ o* |a)

A coherent state Is robust to interaction with a charged
Peld in the absence of charged particles.
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Squeezed state
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Purity

To leading order in e, the squeezed state
B 2 1 __ 4 IS robust to interaction with a charged peld
P = trlppy] =1+ 0(e") in the absence of charged particles.
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Fock state o
Initial state of the EM beld Purity o
10](301\)/[ = |n)(n] P = tr[pi] = 1-2(B+C)+0O(e?)

State of EM beld after interaction

pEM = (1 — B —C)|n)(n| Interaction with a
+ B |n—1) (n—1| + C |n+1) (n+1] charged Peld in the

h absence of charged
+ (a|n—1) (n+1] + h.c.) particles does decohere

— (b|n—2) (n| + ¢|n+2) (n| + h.c.) Fock states at order e2

Coelcients:  O(e?)
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Purity as a function of cavity size
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Numerical results for cat state:
Purity as a function of interaction time
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A process in which electron-positron pairs are spontaneously created in the
presence of an electric field, causing the decay of the electric field.




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 e"ect:
# Was originally calculated for a static electric beld
# Is a non-perturbative e"ect
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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

Oroutinely observed
experimentallyO

Ohave no measurable
Impact on any processO
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Summary

Some QO states will decohere due to
Interaction with a charged Peld, even in the
absence of charged particles.

Coherent and squeezed states are robust (Gaussian)

Fock and cat states are not robust (Non-Gaussian)

1. scattering
2. Pnite-time
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Q: Why is the cuto" 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 cuto" 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.



