This Poster summarises my Master thesis [1] that | submitted in December 2016 at Ulm University. Here | focus on the most important part of my thesis, the development of an error-robust, fast and efficient
polarisation transfer protocol that is beneficial for many applications termed PulsePol. This technique is particularly useful for dynamic nuclear polarisation (DNP) with colour centres in diamond, where it has
the potential to increase the signal in magnetic resonance imaging (MRI) by a factor > 10000 without the disadvantages of other methods. Furthermore PulsePol is useful for the error-robust initialisation of
quantum registers and nuclear spin simulators.

This poster covers motivation, description and development of the PulsePol sequence as well as the theoretically simulated and experimentally confirmed advantages.

Magnetic resonance imaging (MRI): Medical images without ( A Idea:
nuclear radiation, but low signal to noise ratio and the re- 1x 1 Resonance condition does not depend on Rabi frequency (now: evolution time, easier to control)
sulting low resolution. Origin: low nuclear magnetisation achie- Increase robustness to systematic experimental errors (detuning, Rabi frequency error, phase
vable at room temperature, related to a Boltzmann distribution error) with a pulse sequence (similar to sensing sequences like XY-4 etc.)
(room temperature, magnetic field B = 3T, hydrogen spins) 09999x T o L o -
s Only one of 100000 spins is responsible for the contrast. g ) Criteria for a robust polarisation — Hamlltoman engineering — N
sequence: o S, eI,
Solution: Polarise the nuclear spin bath significantly Correct detuning and Rabi errors z r g r
beyond thermal polarisation (hyperpolarisation), (free evolutions and pulses) 5% J H H m H H H H R X .
e.g. dynamic nuclear polarisation (DNP) (transferrin . t t ’
J- Ay P . (DNP) (i J Basis changes between S, , AImOATe SymmetTie
polarisation from an electron spin to nuclear spins) Filter functions shifted relative 1o 5] N Y,
. . . . _ i x Y Yy
Established: thermally polarised electron spins at cryoge each other, ideally by a phase 7,2 B 5. 9l +S. ®I, B

nic temperatures and high magnetic fields [2].
More flexible: colour centres in diamond

Based on those criteria, | analytically derived the PulsePol sequence consisting of 7 and 7 /2 pulses
The Nitrogen Vacancy (NV) centre is a crystal defect in diamond around the X- and Y-axis and free evolution periods (0 driving amplitude) for a time /4.
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Left: Robustness of the polarisation transfer of one electron spin excitation to five nuclear spins for
= 1/ NOVEL - the PulsePol (insert: NOVEL) scheme for o, =2 MHz, Q¢ = (27)50 MHz and a spin bath with an
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