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Quantum operations robust against random noise and systematic errors are essential ingredients in the quantum control. We have
theoretically studied such robust quantum operations against the errors, that consist of several elementary operations and are called
composite quantum gates. In this article, we experimentally discuss the robustness of various composite quantum gates by using
NMR (Nuclear Magnetic Resonance) that is one of the most familiar quantumly controlled systems.

goobooobooboobooboooobobooboobooboobobobboboboboboobboobDboobLDbooboo
goooooboobooboobooooboboobooboobooobobobbobobooboobboobDbOobDbooboOoo
goooOoNMROOOODOOODOODOOOOOOOODOOODOOOOODOODOODOOOO

keywords: quantum control, quantum gate, NMR, composite pulse.

2 O00OOOoOooood
1 0000

010000 Bloch0OOOOODODDOO 1200000
000000000000 0000000000000ONMR 00000 (D00D0D0)00000BlochDDO 0, 0000
00000000 MR(OODOOOOOOODOODOODOOOOO #£100000000000(0)0 [1)000000/000
0000000000000000000000000000 D000000000BlochO0DO0O00000O00O0 (0,¢)
0000000000000000000000000000 00100000000 cos(8/2)[0) 4+ esin(f/2) |1) 000
0000000000 00000000000O0OoOoooo 00000
000000000000000000000000000
0000000000000000000000000000 //wa;
0000000000000 00000000000000 // )&
0000000000000000000000000000 /
000000000000 00000000000000
000000000000000000000 “000000
0”00000000 "ONMROOOOOOOOOOOOO
O000000000000000000000000100
0000000000000000000000000000 01 BlochO
000000000000000 2000000000000
O0DO0OOODONMROOOOOOOODOOOOOOOOOO 00 &#0000000008000 (00000 *0
0000000000000000000Dooopoopoo 008700 10oooooooooooooooooon
0000000000000000000000000NMR BBOOO00000000
0000000000000 (@DOO0)00D00000000
ooooo H(t) = £b)n(t) - o /2 (1)

od



goobooobboood oo 00000000 6 =
(02,04,0.) 00000000000z 0000000000
goboobooobobooboobuooboobobooboo
0000000000000 0ooo0ooO0 HoOoooOo tooo
oOooO0obOOoOoOO0OOo0oboOpDOoooOot=000TOO
gooogo

exp(—iHT) = exp(—ifn - o /2) (2)
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