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Could we implement a multi-round protocol of
quantum error correction?

Need to go to solid state
Advantages:

B Stronger couplings (dipolar)
B Slower decoherence

B Higher polarization



Cooling techniques:

e Lowering Temperature

e Increasing Energy Gap

e Polarization Transfer

e Optical Pumping

e Dynamic Nuclear Polarization
e Para-Hydrogen (Jones et al.)
e Algorithmic Cooling
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H(t) =

2

dmn = Yeh

Hzntra _

Hc +Hu + Hea + Hrr(t),
— HC’Z _|_ Hzntra _|_ Hznter

m<n<3

1 — 3cos*(Omn)

1500 " 13C dipolar couplings in malonic acid
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Baugh [2]
The large part of the decoherence is due to dipolar coupling with nearby spins.
We can decoupled H and increase dilution of the labelled molecules.
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control the system?

Answer: Construct a modualted RF waveform that generates the
desired evolution [3], i.e minimize F' by modifying H,;(t) such

that: T ,
F = Zpﬂ|Tr[UdesUcl;:\l]/N|

7’

with t
U%l — U(t) — e_i fO(H§O+Hint+Hﬁf(t))dt

(&

using simplex methods.

amplitude_|—|_,‘ _‘
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Fidelity is 98%, average RF amplitude is 9.4 KHz (magnitude of
13C Hamiltonian is 7.3KHz), fidelity> 90% over 1KHz range.
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Baugh [2]
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Sorensen [5], Schulman and Vazirani [4]

We have seen that we can cool a subset of spins by swapping states. For
excample, with 3 spins, implementing a gate that swaps [011) < [100) will
increase the order of the first spin at the expense of the last two. We could
concatenate this process to reach polarization of order 1.
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We could concatenate this process to reach polarization of O(1),
but this would take a lot of ressources (~ 1/3%).



_ Heat bath,
polarization P

3 qubits
- — — — 4 qubits
''''' 5 qubits
"""""" 6 qubits

€ >27"

— é-lmaa: - 1

10° 10° 10 10"

PRt AR IR B W R L P

~ max
be2n

2?’1—2

10° 10" 10° 100 &x2" 10°



Manipulate spins that are coupled to a heat bath. The first six

steps of (Schulman, Mor and Weinstein, PRL94, 2005)
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Baugh et al. Nature 438, 470, 2005 [1]
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Thermal and DNP Polarization Enhancement
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