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Fig. S1. (A) Experimental overtone sidebands, acquired with the RF carrier set on resonance with the central

overtone transition, at w./2m _ 9.92 kHz, using 450000 scans and a pulse width of 50 ps. The first 109 ps from the
end of the RF pulse were removed (dead-time and left-shift) before the FID was Fourier transformed. The resulting
spectra are reported in magnitude mode. (B) Simulation, using the formalism described in the main text with GSQ
rank 29 and Floquet rank 10, of the same experiment using experimental probe geometry and pulse amplitudes.

The sideband spectrum was acquired on resonance for the overtone center band. As can be seen
from the above spectra, the intensity of the full sideband family is much weaker (data acquired
with 450,000 scans, with 38mg of glycine in a 3.2mm thin walled rotor) than the detection of
the single sideband (see main manuscript). The removal of the first 100us of signal acquisition
due to severe ringing was also reported by O’Dell and Brinkmann. This large time gap causes
significant phase distortions, and thus data is presented in magnitude mode and compared with
simulations processed in an identical fashion. The experimental data in Fig. SIA and

+ 2w

simulations in Fig. S1B show that the t o, spinning sidebands, rspinning sideband, and

the center band peaks can be clearly detected. The ~ 2w, spinning sideband is expected to be

+ 2w

very weak and did not appear at these conditions. The r spinning sideband is the most

intense peak and used in all studies within the paper.
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Fig. S2. Experimental comparison between spin-echo and PRESTO-II data at 14.1 T and a spinning frequency of 19.84

kHz on resonance with the +2 spinning sideband of the '“N overtone signal. (A) Spin echo on NAV, 40000 scans with

7, = 11664 s, 27 1164u s, overtone pulses of 170 and 340 Hs. The signal height is 1.9 times larger than direct excitation

and the integrated signal intensity changes by a factor of 0.8. (B) Spin echo on glycine, 1024 scans with T =2l6u s,
T, =200u s, overtone pulses of 360 and 720. The signal height is 1.2 times larger than direct excitation and the integrated

signal intensity changes by a factor of 0.8. (C) PRESTO-II on NAV, 20000 scans with 7, = 11664 s, 127 11644 s, overtone
pulses of 170 and 340. The signal height is 3.7 times larger than direct excitation and the integrated signal intensity increases

by a factor of 1.9. (D) PRESTO-II on glycine, 1024 scans with T =2l6u s, 127 2004 s, overtone pulses of 360 and 720 Hs
and 2.5 s repetition delay. The signal height is 2.4 times larger than direct excitation and the integrated signal intensity
increases by a factor of 1.4.

Besides the case of no delay between overtone pulses, we also provide a more conventional
example of overtone spin echo, with a delay between pulses in the range of tens to hundreds
of microseconds. The timings were chosen in such a way to be compatible with a PRESTO-II
sequence where the second overtone pulse starts exactly at the end of the PRESTO
reconversion block. As can be seen, the PRESTO spectra are only moderately narrower than
the corresponding spin echo spectra under these conditions.

Efficiencies are nearly identical to what reported in the main paper both for PRESTO and for
the echo.
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Fig. S3. Experimental comparison between PRESTO-II data at 14.1 T and 19.84 kHz on resonance with the +2 spinning
sideband of the N overtone signal, acquired using with ©1 = Ou s, 127 10.p s acquired with different repetition delays. (A)
NAYV, 20000 scans with overtone pulses of 170 and 340 Hs and 1 s repetition delay. The signal height is 2.4 times larger than
direct excitation and the integrated signal intensity increases by a factor of 1.5. (B) Glycine, 1024 scans overtone pulses of 360
and 720 and 1 s repetition delay. The signal height is 2.0 times larger than direct excitation and the integrated signal intensity
increases by a factor of 1.2. (C) NAV, 20000 scans with overtone pulses of 170 and 340 with 2.5 s pulse delay. (D) Glycine,

1024 scans with overtone pulses of 360 and 720 Hs and 2.5 s repetition delay.

Time-effective PRESTO-data acquisition is possible if we reduce the pulse delay from 2.5s
used in the key paper to show the maximum enhancement from a fully relaxed 'H signal, to
only 1 s. This leads to a PRESTO-II sequence in which the signal per unit time is about equal
of slightly larger than the signal with direct excitation.
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Fig. S4. Experimental PRESTO-II signal intensity for glycine at 14,1 T, 19.84 kHz spinning frequency, 1024 with 55 kHz
RF power on the overtone transition as a function of the offset in the *N overtone field. There is a very strong offset
dependence and the overall bandwidth is about 1 kHz.



