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oThe background field Eb = Byz : By around 10 Tesla

eoTo induce one bit gates use the coil to send rf waves

B,; = B,cos[wr(t — to)]& + By sinwr(t — to)]§ which looks like a
constant magnetic field in the rotating frame.

Rotation around x/y axis: e.g. around x

—i0X _ — X si
Rotation around z axis: € Rl i ]

Z — Z cos[26] — Y sin[20]
hard pusle: 10 us; Y — Y cos[20] + Z sin[26)]

soft pulse 1/3
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In NMR, the background Hamiltonian provides rotation around the z
axis, and only rotation of 90° around the x-axis are necessary to obtain
universality.

A generic rotation can be written as: e~*"% which can be rewritten as
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a = tan"'[n,/n,] : B =tan"'[n,/n,]
In NMR, we have rotation around axis on the X — Y plane and Z

rotations come for free as they can be done by redefining subsequent
rotation axis of rotation:

N=Xcosa +Ysino

we usually limit ouserlves to 90° or 180° as they are easier to calibrate.

Suppose we are not able to calibrate very well and a 90° is really 90° + ¢,
how can we make a pulse which reduce this imprecision?
For Z initial state, use the sequence:

U = e—iG+aY g—i(G+20)X —i(5+)Y

For a general state we need the sequence
U = e—i%Xe—ig(X cos[—30]+Y sin[—30])e—i%(X cos[60]+Y sin[60])

e—i%(X cos[—30]4+Y sin[—30])e—i%X

™

Exercise: Show that if % — 5 +e the gate remains precise to order €2,

Remember Hy,qq = fi - ﬁgrad and use a gradient field ﬁgrad = BygradzZ
The sample get a linear phase as a function z:

| Ii(2) = X £iY — e @iBoasii],

The operators 1. gets averaged over z.
o We can use this to “label” parts of the density matrix, e.g. the
one with different number of I..
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e Gradients can also be used to implement decoherence.
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The rf power is different for various parts of the sample:
we need to find a way to either homogenize or use

a sub-sample of the spin where this inhomogeneity

is reduced

 # of spins

tf inhomogeneity

R (R} (RP°RIY)* R} + Gradient
Zi ¢ =m/8

Get homogeneity up to +/- 2%
(with around 12% of the signal)

amount of signal

15% 3.0% 4.5% 6.0% 1.5%
rf inhomogeneity

eindirect interaction between spins (mediated through electrons)
H=) J;& & =) J;(X'XI+ Y'Y + 72'Z)
ij ij

If wi — wi| < Jij, we can neglect X‘X7 + Y'Y

e ?Z — Tl cos ¢ — iZZ sin ¢
X1 — X1cos2¢p+ Y Zsin2¢p
Y1l — Ylcos2¢p — XZsin2¢p

o Eliminate the natural evolution using refocusing
1 = inX/2p—indiatZ'2?/2 ,—inX/2 o—inJistZ' Z%/2

eim 12t 21 2%/2
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Can we refocus efficiently?

If all the qubits are coupled, expectation is that it is not possible,
but if we have only two qubit coupling:

This is not efficient, instead use Hadamard matrices,
(put a refocusing at each change of sign in a row)
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