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Fig. 1. The optimal control pulse sequence for QFT. (al) and (bl) correspond to pulse amplitude and pulse

phase for 1H spin, respectively. (a2) and (b2) correspond to pulse amplitude and pulse phase for 1N spin,

respectively.

4 AR E B et A e o AZ AR S

&l 5ok AR 0 A8 1k Bk i 2 7E Bruker
AVANCE 500 % i 3 3R 18 A3 b Sz B, e ke
i 731N BN bR B L (NH,COCH3), ~NH,

B PN SR TN BB AN 1, Is, 3PN R
RIS R E I, #8EH BON Jio = Jos = 88 Haz,

*x1

Ji3 = 2.6 Hz, Ji3 WEUAS Jio M Jog PIEUEAH L
AR A 0. E JiE I A1 I B4k 2246742 4 306 Hz.
N T B AE ST ) QFT AR AR Bk i ) A R, FRATTi%E
BT JUMAS [F] BRI A AR S50 (ke A, B0
JOn R RZS AR AR Xk 1 s, b R
1,2, 30 RERANL, L, I3; z, y, 2 3 HRE=
Tl R R P e 3 O AS T] P4 25 0 I T AR
AMEE, EATIREAILTE 2 0 S50 18 26 i AR AT IR
ST AR R R A

WA S E T B A S 15 B KRS BIXT R R

Table 1. The initial and corresponding final states transformed by QFT.
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Fig. 2. Simulation spectra (A) and experimental spectra (B) transformed by QFT.
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Abstract

Quantum Fourier transform (QFT) is a quantum analogue of the classical discrete Fourier transform. It is a
fundamental quantum gate in quantum algorithms which has an exponential advantage over the classical computation
and has been excessively studied. Normally, an n-qubit quantum Fourier transform could be resolved into the tensor
product of n single-qubit operations, and each operation could be implemented by a Hadamard gate and a controlled
phase gate. Then the complexity of an n-qubit QFT is of order O(n?). To reduce the complexity of quantum operations,
optimal control (OC) method has recently been used successfully to find the minimum time for implementing a quantum
operation. Up to now, two types of quantum optimal control methods have been presented, i.e. analytical and numerical
methods. The analytical approach is to change the problem of efficient synthesis of unitary transformations into the
geometrical one of finding the shortest paths. Numerical optimal control procedures are based on the gradient methods
(GRAPE, Gradient Ascent Pulse Engineering) and Krotov methods. Notable application mainly focus on nuclear
magnetic resonance fields, including imaging, liquid-state NMR, solid-state NMR, and NMR quantum computation.
One obvious advantage of optimal control NMR quantum computation is that the OC unitary evolution transformation
pulse sequences are normally shorter than the conventional corresponding ones. Here we use the optimal control method
to find the minimum duration for implementing QFT quantum gate. A linear spin chain with nearest-neighbor Ising
interaction is used to find the optimization. And the optimized pulse sequence is experimentally demonstrated on
an NMR quantum information processor. By using optimal control method with numerical calculation, a three-qubit
QFT in an indirect-linear-coupling chain system is optimized. The duration of the OC QFT is obviously shorter than
that of conventional approaches. The OC pulse sequence has been experimentally implemented on a liquid-state NMR,
spectrometer. To verify the optimally controlled pulse sequence for the three-qubit QFT, different initial states are
assumed. The accuracy of the OC pulse sequence could be demonstrated by the consistency of theoretical simulation
spectra with the experimental results. The good consistency between the simulation and the experimental spectra
demonstrates that the OC QFT is of high fidelity.

Keywords: nuclear magnetic resonance (NMR), optimal control, quantum Fourier transform (QFT)
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