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Manipulation of Coupled Spin Dynamics

2D NMR
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Problems of Broadband Excitations and Rf-Inhomogeneity
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Control Design by Area Generation
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Lie Algebras and Polynomial
Approximations
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J.S. Liand N. Khaneja, PRA (2006)
» J.S. Liand N. Khaneja, IEEE TAC (2009)
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Fourier Synthesis Methods for Robust Control Design
U, = exp(kzeQ), ) exp(e =& P Qy)exp(—kﬂgﬂx)
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B. Pryor, N. Khaneja Journal of Chemical
Physics (2006).



Fourier Synthesis Methods for Robust Control
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NMR spectra at proton frequency of 500 MHz
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Control for Minimizing Decoherence
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Random collisions with solvent molecules
causes stochastic tumbling of the protein molecules

L(p) = mk1[21;5:, [21.Sz, pll+7kolL2 |12, pl]+7k3[S:[Sz, pl]
k= k1 + ko



Optimal Control in Presence of Relaxation

S

o O O -
S O O O
<
—
N
<—
-

) ] To o ) ()

d| (h) | jue) |« -3 (L)

dt| (21,8,)| 3 kv | (21,8,) ¢ =
(21,8,) vit) 0 J(21,s,)
1|0 n=1y1+6—¢



The control problem




ROPE Pulse Sequence
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Experimental Results

Amplitude [a.u.]
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Cross-Correlated Relaxation
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Transfer Efficiency




Time Optimal Control of Quantum Systems
k = {=iH ),
K = exp(k)

g=p+k; pLk
[p.plc k; K.kl k;[p,k]l< p;

G

du (t)
dt

= —i[H, +Zu H.JU(t); U(0)=1

Spin Hamiltonian: H, + His (t)

Physical Review A , 63, 032308, 2001



Cartan Decompositions , Two-Spin Systems and Canonical

Decomposition of SU(4)
teractions C;_(t] = —i[Y JaglaSstur LoAualyFuszSptuaSylU
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k={—i In,—iSg} ; p={—ilaSs}

G =SU(4); K=SUR2)®SU(2)

Spin Hamiltonian: H, + Hys (1)

S,=1®0,; .
G = K exp(—i(agleSy + aylySy + a21:S, )) K
1,S,=0,®0,;

Khaneja, Brockett, Glaser, Physical Review A , 63, 032308, 2001



Cartan Decompositions , Two-Spin Systems and Canonical
Decomposition of SU(4)
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Khaneja, Brockett, Glaser, Physical Review A , 63, 032308, 2001
H. Yuan and N. Khaneja , System and Control Letters 2006



Geometry, Control and NMR
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Indirect SWAP Operation Efficiency 1 of indirect SWAP sequences
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Another Canonical Decomposition of SU(4):
Electron Nuclear Spin Dynamics

HC — JIZSZ , QS D J D QI Interactions
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Kk 0 0 A4 0] Zeier, Yuan,
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Switched Control Problems
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Bilinear Control Problems with Periodic Drift: Solid

State NMR
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Phase and Amplitude Modulated
Recoupling



Control Problems in solid state NMR

J. Am. Chem. Soc., 126 (2005)

Chem. Phys. Letter (2005)
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Broadband Recoupling by Phase Modulations.

All Ao, Ao, o,

H=Awl, +AnS,+ All+&)F, —w sin(At)F,
xcos(ot+7){(1,S,+1,8,)+(1,S,-1,8,)}

~ 0,
H = j Fy +&AF, + xcos(w t +?/){(|zsz T IySy)}

G. De Paépe, et al. J. Amer.Chem.Soc. 128, 1776-1777(2006).
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Experimental Results (Homonuclear

B3¢ transfer efficiency

Transfer) c,—co

J. Lin, M. Bayro, R.G. Griffin, and N. Khaneja
J.Magn.Reson. 145, 97 (2009)

0
[
. _C
AR " T~
PAMORE % oH
2N
H " H
CMRR
i [ | I | 4 i 4 1 k | i ! i i
-39 =427 =35 28 21 14 =07 a0 07 1.4 21 28 35 a2 49
rf. mismatch (kHz)
360 Mhz

8 Khz spinning



d q‘I.Sﬁ\O

1.0 FRIUUICUIUIVIIIIIAAT],
b s S
“a

205 . -

oy AN
=L z \ .
= §00 N
iy c
M - At

0.5 x\_ -

~
H"h
9 10 w PN
0 10 20 30 40 50 60 70 80

Dephasing time (ms)
Hl
P (U P |1y|2y)COS?/12 +(|1z|2y T IlySZZ)SIn Yot t

K13{(I22I32 - I2y|3y)COS7/13 +(|22|3y T IZySSZ)Sin7/13}

H,

[H, H,]=0

Dipolar Truncation Problem



TOFU: Multiple Frames and Effective Hamiltonians
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Fig. 2
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Triple Oscillating Fiela technigUe +
Rotor assisted dipolar recoupling
(RADAR)
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TOFU + RADAR: U-13C,15N-L-alanine
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Accurate distances by ssNMR
U-13C,15N-L-alanine
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Heteronuclear Decoupling by Multiply Modulated Fields
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Amplitude

Amplitude of Decoupling Field
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