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Outline

hort intro to central charge, heat conductance, anc
Fibonacci particles
Superconductor and insulator phases of an array of

Josephson junctions

Equivalence between Majo Zero Modes in a Coope
box and Spins

1D models and Experimental sighatures

SUSY Tri-critical Ising transition in the insulating
phase with central charge 7/10

Extension to 2D?
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1D electronic modes

Edge modes in general have quantized heat conductance:
k2 2
_ B

C: Is by definition the central charge.

Integer for integer QHE and abelian FQHE [et al. Heiblum]
Fractional for the non abelian states

- For L/ = [MR] c=integer+1/2

- For 1/ =5 [RR] c=integer + 4/5

For a topological SC wire exactly at the transition there are two
counter propagating Majorana modes with ¢ =1/2.

Also True for the transverse field Ising model




Fusion Rules and Ground states

degeneracy

lV/ =/2 [MR] has MZMs oxo=1+9Y
12/5 [RR] has Fibonacci TXT=1+4+T7

5/2 [MR] with 2N MZM D =2N
12/5 [RR] with N Fibonacci D = Fyn

Braiding particles -- matrix manipulations

in the degenerate ground state space.
MZM’s do not give universal TQC

While Fibonacci’s do.
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We know how to create MZM in an alternative simpler system SC
SOC + Magnetic field [non universal]

Can we create a system with fractional central charge that carry
Fibonacci particles using TSC?

Our conjecture: yes — the insulating phase of TSC may have exotic
states supporting Fibonacci

| will show today an explicit critical system with c=7/10 in 1D with

possible future extension to 2D

The basic ingredients are MZMs in a Cooper Box

The interaction between them creates a TSC insulating phases wit
the required properties




MZM can be found in
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Copenhagen Experiment

the Majorana Cooper-pair Box
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Array of superconducting islands connected by 2DEG:
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What happens when the SC is topological?

Senthil, Potter, Fisher and Balents and Nayak, Qi and Barkeshli:

Conventional SC- Insulator proliferation of [h/2e] vortexes

Topological SC has MZM in the core so only pairs of vortexes [h/e] proliferate
- leading to Kitaev’s Spin Liquid [KSL]

Parton construction:

[slave-bosons] Charged Boson
[ [Chargon]

Electron . b
\__aca — fcr \ Neutral Spin-full Fermic
[Spinon]

SC: c forms a p wave topological superconductor [TSC]
Insulator: b is in the Mott phase and f forms a TSC [KSL]




What are the insulating phases

when the SC is topological?

Today:
1. Construct insulating models by mapping to 1D spin chains

2. Super Symmetric [SUSY] 1+1 field theoretical models with
central charge 7/10

- 2+1 has Fibonacci particles, wanted for Universal TQC
- Measured by heat conductance

All based on Majorana-Cooper pair Boxes
[local interactions] and local tunneling
between the Majorana

zero modes




Tetron-Spin 1/2

(& + idy)

L(ay +ias)

® ® a.

Ei=FEy=0

In a Cooper Box [Quantum dot made of supercOnductor in the
Coulomb blockade regime]:

He _/U(nm—zN N)\

Enerey f1f1+f2f2 pairs
= N1 + Mo

Ny =0




Hexon- 2xSpin 1/2

P = (iazbz) (iayby) (iazb,) = iazaya,bybyb,
by

S, =1taya,, SY=1taza,, S, =1iaza,

SE = ibyb., SY =ibyb., S =ibyb,.

H2 = szaxbx: JxSC"fS;f

H, =ity azay = B,SY.




v' XXZ Chain
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v" AKLT model —[Haldane Gap]

Gates manipulate
all Coupling Consts.

v Tune to a critical point
v" Apply perturbation Hpery = cos(wt + ¢0)S*(xo)

v' Measure




1D-Proposed Measurements

© -O-

1 o Induced charge

cos(wt + ¢p).S,

Linear response: (S%(x,t)) = [ dt’ cos(wt')x(t —t', 2 — x0)
x(t—t,x—x9) =i (S*(x,t), 5%, t')]) O —1)

Modified Bessel

At criticality: G ~ 1/(22 — v2¢2)2h
(5% (x, 1)) = Vorth ( . )2h—% y %{Bei(wt#—(bo)l%x)}

T U2h+% |Az| 5 v
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1D SUSY Models

Blume Capel model Spin 1!

Hpc =Y, aSi +8(S1)? — 18184+

A > 0 projects singlet out
J~t?2/U




Tri Critical Ising

First order transition
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Transverse field Ising

Hpc = 3, 081 +5(52)? — JS154+)




Susy Field Theory
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Susy Field Theory
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With h = 0 generalized G-N model )
Saddle point for large h > 1 \*/2%7 A




Redefining 6 = VK@, u = 4¢ K—l——p,p— 2g/m 1 h=2(1—p)g,
the saddle point theory takes the form

~ _ ~\2 1‘- _l ~ 7 _12~4
L~ 2((%0) + 2¢z 0, 2ump¢ Juo

[Notice that the expression for p requires g/t > 7/(2v/2), which is consistent
with our initial assumption that U > t.]

The field theory we obtain is N/ = 1 super LG action. The relation to the
super LG action can be obtained explicitly by considering the SUSY model

Ssusy — / davdt d92[4(pq>)(m>) L W(®)], (1)

where ® is the superfield defined by ® = ¢ + 6y + %H_QF , D represents cova-
riant derivative in superspace, and W (®) describes superpotential which is a
polynomial function of ®. In our case, W(®) is given by W (®) = &3

Zamolodchikov [1986] showed that at long distances, the super LG action
with a super potential W(®) ~ ®™ (m = 2,3, --) exhibits a supersymmetric
analog of the minimal models, characterized by central charge ¢ = % — WQH)
Since our case corresponds to m = 3, the theory given in Eq. (1) effectively
manifests an emergent SUSY described by a SCFT with ¢ = 7/10.



Very sensitive to

disorder




Tri Critical Ising SUSY

First order line

Central charge 7/10

Transverse field Ising




Intermediate Summary

Insulating phases of TSC

Majo zero mode as a building block for spins and
fermions

6 Majo-Zero Modes in a Cooper Box is a convenient
building block

Controlled by Gates Only

A Chain with 7/10 cc [in 2+1 Fibonacci particles]
local measurements

2D?




2D Spin Liquids/
Kitaev’s Honeycomb Model




Phase Diagram

A: Gap-Full JZ
B: Gapless

+NNN Gap-Full 4




Kitaev’s Honeycomb model/

H = ZJO'(T+ZJO‘0‘+ZJO‘O’

x—link y—link

+ Z Jyoio) + Z Jiojo; + Z Jiojos, (1)

x' —link v/ —link 7/ —link




Realizations [Color Code}

See also
Barkeshli Sau






Collective spin edge mode

Loops with odd number of sites SxSySz — spontaneous

chirality breakings

Majorana edge mode

} »A& & With central charge= 1/2
L -




Summary

Insulating phases of TSC

Majo zero mode as a building block for spins and
fermions

6 Majo-Zero Modes in a Cooper Box is a convenient
building block

Controlled by Gates Only

A Chain with 7/10 cc [in 2+1 Fibonacci particles]
local measurements




