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MRI Applications
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OC — Shinnar-LeRoux (SLR)

m Fast & Powertul
m Well-defined empirical relations
m Constrained




High Resolution NMR <« Imaging

Different requirements/opportunities
= Broadband non-selective pulses
= Infinite transition width
m Often large, well-defined gaps in spectra
m Need refocused pulses
= Chemical shift vs Gradient-induced dispersion
m |H—13C — 15N coupling networks
= Coherence transfer

= RF inhomogeneity/miscalibration
= Relaxation losses



Ingredients

Initial State Target State
(Time 7,) (Time 7,)
Optimal Control
Theory
Time Evolution Cost Function

Conditions for

Cost Optimization
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Bloch Equation O(t,)=<M|F>
— M- F

dM/dt = o, x M

=OM

Conditions for RF Controls to

Optimize Cost



h=<hdM/dt=w,xM> — L

— A (w,xM)
= M- (hx0,)
= W, (Mx*xL)

ho=<dh|f> — L
—><)\,|QM>
<L HY><<A|]

<A|B> < AT-B < -

H,p|>

T (ATB)

Tr (ABC) = Tr (CAB) = |

T (BCA)



m [Lagrange multiplier A : Mt,) =00/OM =F
= Also obeys Bloch Equation

EMxXA=0




“Design” a Hard 90° Pulse

m Initial state M along z-axis

m Target F along x-axis

m Cost=<F|M>—> M-F
mA=F

m Choose B, * 1, — 90°

= “Guess” B, along x-axis
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Design a “Calibration-Free”
Broadband Excitation Pulse

B 7y, ~ 10-25 ps for typical 3C probes
= ~ 1020 kHz peak RF

® Uniformly excite 200 ppm '*C chemical shift range
= ~ 40 kHz bandwidth at 800 MHz

m Initial state M along z-axis Target F along x-axis
m Average M X A resulting from range of RF and
resonance offsets
m Cost ® =M-F
— |[M-F||" (weighted)
m Clip nominal peak RF at 15 kHz
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Glendower: 1 can call spirits
from the vasty

deep.

Hotspur: Why, SO can I,
Or SO can any man;

But will they come
when you do call

for them?
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Tailoring the Cost Function to Performance

Cost ® = M-F

.
2

o= a(M,~F)

Pl




Extreme Spectral Bandwidth

EPR Applications?
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F=cosp-x+sme-y
R(Aw-Tp)
®=(F|M})=M-F
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Extreme Tolerance to RF
Inhomogeneity

Toroid Cavity Detectors
m High P (— 300 barr), T (— 250 °C)
= Monitor in situ catalytic reactions

m [arge RF gradient (factor of 5-10)
m Chemical shift imaging




Extreme Tolerance to RF

Inhomogeneity

' |
|
| |
130 4 | |
™ ) e |
= T I
? ) Ty~ E‘ 1104 | I ,,:;.-"'f-
-] Q.
wd = 5
2 ol < 2 0
E o oy E | |
<L |2 | <L | 0.5
L L.
g 704 | € 70{ |
- - |
o | I o | D %
50 - | | 50+ | | I
I I I |
| ek Ko
———————————— - 30 N——————————éﬂ :
T * T T I [ T T T :
- -2 -1 0 1 2

Offset [kHz] Offset [kHz]

M, as function of offset and ingomogeneity. Phase deviation from x-axis (in degtrees)

as function of offset and ingomogeneity.




Relaxation-Compensated Broadband
Excitation Pulses

M (1) = w.(t) x M(t) + DMy — M(1)]

=A@, x M+ DMy — M)

(1) = — dh /oM
=, (1) X A(t) + DA(t
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Empirical Relations for OC
Selective-Pulse Design




SLR (left) and OC (right)  Pulse and Slice Profile
Ideal RF (green) Ideal + 20% (red) Ideal — 20% (blue)




Relaxation-Compensated Selective
Pulses

| | —SEBOP

Simulated performance (Mx versus frequency offset Aw)
for the case Tp =T, =T, = 1 ms.

RF field inhomogeneity
A) -10%, B) 0%, and C) +10%.

SEBOP uses less power.
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| T;:7/B

B,(0) > (1/a)M, x A,
M, —>M;,, =sm(f)x+cos(0)z
O=27BT/2=n/4B, =7 /(4x)

B(T/2)—>(1/a)M ,x A,

=(1/a)cos(8)y
M, > M, =sin(0')x+cos(0')z
O'=n/4B,(T/2)<0>[0,7/(4x)]

53[0, 7/(4)]









SLR (left) and OC (right) passband
Ideal RF (green) Ideal + 20% (red) Ideal — 20% (blue)



SLR (left) and OC (right) stopband
Ideal RF (green) Ideal + 20% (red) Ideal — 20% (blue)
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