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Fig. 1. (color online) 7-qubit quantum register:
(a) Chemical parameters of crotonic acid molecule;
the diagonal elements denote the chemical shifts and
the non-diagonal elements denote the J-coupling con-
stants; the unit is Hz; (b) 3C (blue) and 'H (red)

thermal equilibrium spectra.
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Fig. 2. (color online) Experimental results for radio-frequency (RF) selection method. (a) Thermal equilibrium spectra

of water with/without the sequence (2).

Different spectra correspond to m = 0,10, 20,40, 80 in the sequence (2), respec-

tively. (b) RF nutation experiments; the blue and red curves represent the nutation signals of water without and with the

sequence (2); the signal of the red curve is amplified by 5 times with m = 80.
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Fig. 3. (color online) Sequence of the selection of spin-
1/2 components of the methyl protons. Here Y and
Y represent 1/2 rotation along the y and —y axis, re-
spectively. X and X represent 1/2 rotation along the
z and —z axis, respectively. A, B represent /2 rota-
tions along the axis in the z-y plane with the phases
of 68.2° and 116.6°, respectively. The connecting line
between the two qubits represents the J coupling evo-
lution with the duration of 1/4J. Here J is the J-
coupling constant between spins 13C and 'H in the
methyl group. gp denotes pulsed field gradient along

z direction.
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Fig. 4. (color online) Quantum circuit for pseudo-pure
state preparation using cat-state method on the cro-
tonic acid: (a) Encoding procedure; (b) decoding pro-

cedure.
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Abstract

With the development of quantum information and quantum computation science, quantum information processor
has been widely used in different areas such as quantum simulation, quantum computation and quantum metrology
and so on. To make quantum computer come true, we need to increase the number of controllable qubits of the
system and improve the controllability to perform complex quantum manipulation. As a good experimental testbed
for quantum information processing, nuclear magnetic resonance (NMR) spin system provides rich and sophisticated
quantum control methods. In recent years a lot of multi-qubit experiments have been performed on the platform and a
series of experimental technologies have been developed. In this paper, we firstly explain the difficulties of multi-qubit
NMR experiments. Then by focusing on the experiment of 7-qubit labelled pseudo-pure state preparation and other
relevant experiments, we review the technologies in multi-qubit experiments. Using the radio frequency selective method,
the inhomogeneities of the radio frequency pulses are reduced and the spectral resolution is improved. After performing
1/2 spin selective sequence, we can regard the three methyl protons in the sample of crotonic acid as a single 1/2 spin
nucleus and treat the whole molecule as a 7-qubit quantum information processor. We utilize Gauss pulses, Hermite
pulses, composite pulses and gradient ascent pulse engineering (GRAPE) pulses to implement basic /2 and T rotation
operations. The GRAPE pulses are calculated by subspace GRAPE program to speed up the computation greatly.
The errors of the basic pulses caused by chemical shift and J-coupling evolution can be estimated by the program of
pulse compilation. It divides the errors of the pulses into a series of post-errors and pre-errors. A program of sequence
compilation is used to eliminate the accumulated error of the whole pulse sequence, reduce the number of pulses and
optimize the experimental duration. A variety of methods of quantum state tomography have been proposed to improve
the efficiency of reading out information about quantum state. As an experimental example, we combine the above
experimental technologies and perform the experiment of 7-qubit labelled pseudo-pure state preparation by using the
method of cat state preparation. The sequence of cat state preparation consists of three steps: encoding procedure,
phase cycling and decoding procedure. We use 14 experiments to realize the phase cycling and acquire the final 7-qubit
labelled pseudo-pure state. The total duration of experimental sequence is about 132 ms. All the readout spectra have

the similar shapes to the theoretical expectations. Finally we give an outlook for further research in this direction.
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