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Phase slips in topological superconductors are peculiar for the
reason that they occur in multiples of 41T (instead of 27T in
conventional superconductors)...

...we re-establish this fact via a beautiful analogy to the particle
physics concept of dynamic symmetry breaking by explicitly finding
a hidden" zero mode in the fermion spectrum computed in the
background of a 27T phase-slip (the " missing meson" problem of
quantum chromodynamics)



Quantum Phase Slips (QPS)
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Phase slips in a topological qubit device

27T-PS decohere the qubit

4711-PS do nothing




Method I: Integrating out fermion

S Caa A R e

) =>
— ottt mae comc =] o

roesricrclices Facataracloiras corraclicioaes

R

P Cd e € < ce

RESTERES, GRS e T R e P e et 2

e €D P e R r e BT cro>

e mmtioserioaic otmcarn conaditionma. e oltain
~.

e Cae v 1>
r=3 ==

z
= c1a>
tacowes 24— g7

s e aCet =5 m—aalon e me Gt Tmasa
o Ean ot 3 SRR ST RIS TRLST SIEES S
et [ AT, Cond — -

223 ] commcr o>, T

furcticon becomes

1hiam wwe And that the artiticon

S rmen cemtaCra e

F |

EL/E, =002 &

9

in Fig. 8 with a shift to make all V*(0) = 0. The ini-
tial condition is prepared such that the superconducting
wire is at its ground state for ¢ = 2w. Therefore, with
FEnr = 0, the effective action should take the sector S;;f,
which will be assumed throughout the following discus-
sions. We note that the effective potential V' (¢) be-
haves qualitatively different depending on F|, is greater
or smaller than EM/47TZ, ‘When the inductance energy
is dominates, Fy > Ear/472, the potential has a global
minimum at ¢ = 0 and two local minima at ¢ = =42m.
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Tunneling and instanton gas

G(—a,a,7) =
| Dgexp [—3 [§ (34*+ V(a))]

—mg+ V'(q) =0

Sin = [©,_dg\/2mV (q)

D’ = det’'(628/8¢?|in)/ det(62S/593|o)

R. Rajaraman, Solitons and Instantons



Method |l: The hidden zero-mode
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Topological superconductig devices
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in Fig. 8 with a shift to make all V*+(0) 0. The ini-
tial condition is prepared such that the superconducting
wire is at its ground state for ¢ = 2mw. Therefore, with
FEpr > 0, the effective action should take the sector S:;f,
which will be assumed throughout the following discus
sions. We note that the effective potential V*(¢) be-
haves qualitatively different depending on FEj, is greater
or smaller than E,;/472. When the inductance energy
is dominates, E; > Eas /472, the potential has a global
minimum at ¢ = 0 and two local minima at ¢ = =+2m.
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Suppresion of 21T tunneling by MF




Conclusions

The fact that phase-slips in topological wires occur in multiples of
471 is well known.

We show an alternative explanation of this fact by a beautiful
analogy to spontaneous symmetry breaking of the theta vacuum in
quantum chromodynamics. For the case of QCD, t'Hooft found
that in the background of the instanton of the gauge field, there is a
zero mode in the fermionic determinant. This zero mode results in
the vanishing of the transition rate between configurations of the
vacuum with different winding numbers.

Similarly, we find that in the background of a 21T phase slip, the
fermion determinant contains a ""hidden" zero mode, that results
in the vanishing (suppression) of the rate of 21T phase slips.



THE END



