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1 Tuning and matching map

For Figure 1 frequency shifts, noise signal lineshapes, thermal noise and frequency shifts in small
flip angle pulse spectra were acquired for all tuning and matching combinations shown. The 90◦

pulse was calibrated for each set of tuning/matching values by using a 40 dB attenuator in the
receiver line according to reference [1]. In order to obtain a reasonably high receiver gain without
producing an ADC overflow, noise in spite of the high proton concentration, and to avoid that the
noise is dominated by the digitizer, a pulse with flip angle of 2◦ was used in the pulse spectra used
to determine frequency shifts and S/N ratios. The same sample (acetone : acetonitrile : chloroform
(1 : 0.07 : 0.17) + 5 % DMSO-d6 by volume) was used as for the noise experiments. For the signal-
to-noise measurements the chloroform signal was used. Additional data to the ones shown in Fig. 1
were also recorded at each tuning/matching position. Figure S1 shows the B1 field strengths relative
to the CTO, signal to noise ratios and frequency shifts for each tuning and matching position. In
addition, color coded small maps are shown, which summarize the trends relative to the values
obtained at the CTO (shown in white). The positions, for which the shortest pulse lengths were
found, are colored pink. On the central small map the darkest square indicates the highest signal to
noise ratio obtained. Note that this position does not coincide with the CTO. The third small map
illustrates the deviation of the signal maximum (the frequency shift) from the reference chemical
shift, the lighter the color, the smaller the deviation. Note that the smallest deviation was found at
exactly the same tuning/matching position as the signal to noise maximum.

The position of the S/N maximum is in apparent contradiction to previous results[2] for 2 mM
sucrose dissolved in 90% H2O/10% D2O, where the maximum signal and maximum signal-to-noise
was found at the SNTO position (starting from CTO by detuning and matching to the base line
until the spin noise line shape was a pure dip) using the same probe and spectrometer. Therefore the
relevant part of the tuning/matching map was repeated using this sample. For the signal-to-noise
determination the intensity of the anomeric doublet was read out and compared to the noise (region:
7–9 ppm) using Matlab. In this case the investigated signal is close to the water signal. Therefore
the pulse experiments were carried out with presaturating the water signal, as is usual. Figure S2
shows the result of these measurements for different tuning and matching positions1.

This clearly shows that with this sample the maximum S/N is at the SNTO, confirming the
previous results. It can be seen that the optimum positions obtained on the sucrose sample differ
from the results obtained with the acetone/acetonitrile sample.

It was suspected that partial overlap between the solvent signal and the anomeric doublet,
may cause this deviation. Therefore the experiments were repeated using 10 mM acetaldehyde
in 90% H2O/10% D2O. Pulse experiments were carried out with attenuators and without, using
presaturation, for comparison. The results obtained using this sample resemble those obtained with
the acetone/acetonitrile sample. The position where the signal-to-noise ratio is a maximum coincides
with the tuning/matching position where the frequency shift is at a minimum, for both, the presat-
uration and the small flip angle spectra. However in the same spectra, comparing a contamination
signal at 3.9 ppm, i.e. much closer to the water chemical shift and therefore comparable to the

1It has to be noted that the quality of presaturation varies with different tuning/matching settings. Since the same,
reasonably high receiver gain could be used for all the experiments without producing an ADC overflow, this fact is
neglected.
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Figure S1: Comparison of γB1, signal-to-noise and frequency shift values for each tuning/matching
position. The three small maps are colored to show the trends separately for γB1, frequency shifts
and S/N.

S2



NMR Noise Map:
2 mM  Sucrose

M ... dematching

T  ... detuning

starting position:

M = 0         CTO ... conventional  
T  = 0                 tuning optimum

positions closest to DIP for a 
certain matching - setting

M,T   tuning
 

Signal * 10^3
Noise 
S/N

500.269

5.2382
81.0691 
32.3071

500.394

6.3314
86.3774 
36.6495

500.512

6.8029
93.0648 
36.5492

500.637

6.9144
93.7128 
36.8913

500.754

6.7101
101.3356 
33.1081

4.6363
79.9182 
29.0066

–1,+1

     

 0 ,+3

  

 0 ,+1    0 ,+2    0 ,+4    0 ,+5  

–1, 0     –1,+2     –1,+3    –1,+5     –1,+6     

 0 , 0    CTO

–1,+4     –1,+7     500.159

4.7790
84.8933 
28.1471

500.269

5.5083
87.3804
31.5193

500.394

6.2935
82.2768
38.2458

500.512

6.7477
89.7579
37.5884

500.645

7.2356
95.4186
37.9151

500.065

4.5324
82.3141
27.5313

500.762

6.8870
87.9207
39.1659

500.887

6.8779
92.6500
37.1175

500.261

22.407
78.0969

143.4573

500.394

22.504
80.5781
139.6423

500.519

21.203
79.9961

132.5222

500.637

19.204
79.2539
121.1533

500.754

17.092
77.3665
110.4630

500.136

21.439
74.7481
143.4083

500.152

20.606
71.7919 

143.5139

500.277

21.484
77.9277
137.8434

500.394

21.846
77.9086

140.2042

500.519

21.239
81.8559
129.7325

500.645

19.700
74.0318
133.0510

500.058

18.800
73.4264
128.0216

500.770

17.830
78.1458
114.0811

500.895

15.322
76.1214

100.6412

–1,+1

     

 0 ,+3

  

 0 ,+1    0 ,+2    0 ,+4    0 ,+5  

–1, 0     –1,+2     –1,+3    –1,+5     –1,+6     

 0 , 0  

–1,+4     –1,+7     

2 mM  Sucrose in H2O

zgpr30

2 mM  Sucrose in D2O

zg30

Figure S2: Comparison of signal, noise and signal-to-noise ratios of the anomeric doublet (at 5.3 ppm)
for different tuning- and two different matching settings. The results for 2 mM sucrose in H2O (upper
part) and in D2O (lower part) are shown. Noise line shapes are shown in the upper part.

sucrose anomeric doublet, the signal-to-noise maximum is found at the SNTO. It appears, that the
position of the signal-to-noise maximum is different for signals close to a much stronger resonance
signal, a finding which is corroborated by recent observations in small flip angle spectra.[3]

2 Experiments with conventional NMR probes

The exploration of differences between CTO, SNTO and FSTO conditions on conventional probes
was performed for several cable lengths between the TR-switch and the probe. Experiments were
run on a Bruker Avance II spectrometer (11.7T) equipped with a 5 mm BBI probe on an acetonitrile
sample with 10 µL of deuterated DMSO used for field frequency locking. We used a real-time software
for determining the SNTO condition from tuning frequencies close to that leading to pure in-phase
spin-noise spectra. The optimal conditions were found by monitoring the circuit noise level while
changing the tuning capacitor CT and trying to center the noise level due to the electronic circuit
at the Larmor frequency.[5] Nuclear spin-noise spectra were then acquired as a pseudo 2D map with
very long acquisition (43 s). The final resolution was defined during the processing. The raw time-
domain noise data were split in a sliding window way.[4, 5] The split raw data lead to 0.8 Hz spectral
resolution zero-filled to 0.4 Hz. Quantitative analysis were performed on these spectra. For clarity
the two spectra shown in Fig. S3 were further filtered by a Savitzky-Golay smoothing filter (fourth
order polynomial, 25 points).[6]

On Fig. S3, two spin-noise spectra acquired for two different cable lengths are shown on the
experimentally found SNTO conditions. One can notice the difference of resonance frequency but
also of line-width illustrating the influence of the reception line on the spin dynamics. Even if a
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difference of resonance frequency can be detected on these two spectra, when comparing to the
FSTO conditions as determined by monitoring the 1H acetonitrile resonance frequency as a function
of the tuning frequency, it was impossible to distinguish FSTO and SNTO values, due to experimental
uncertainties.

 0
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 0.6

 0.8

 1

 0 200 400 600 800

δ / Hz

W

Figure S3: Spin-noise spectra acquired on a room temperature probe on an acetonitrile solution for
two different cable length in the SNTO conditions. The two spectra are normalized at the same
circuit noise level. As confirmed by numerical fitting the spin-noise spectra to Eq. (13) of the main
text, the two line-widths and the two resonance frequencies are slightly different.

Figure S4 illustrates this difficulty of defining very precisely and accurately the frequency of
SNTO condition. The rough determination of the SNTO frequency was obtained by electronic
measurements, one was searching for the capacitor value for which the frequency of the maximum
value of the bell-shape curve of circuit noise was equal to the Larmor frequency. Obviously this curve
was affected by noise fluctuations, which amplitude depended on duration of signal averaging. The
typical width of the bell-shape curve was ω/2Q that was about 750 kHz; a rough estimation of the
uncertainty on the SNTO frequency was about one tenth of this width, i.e. 75 kHz. A more precise
definition could be obtained by looking to nuclear spin-noise resonance, and finding conditions where
it fitted the Lorentzian shape (Eq. (13) of the main text). It remained that noise fluctuations were
still present and the uncertainty on the SNTO condition defined through the parameter ∆SNTO was
on the order of 0.05 for the here used duration of signal averaging (7 minutes). At such a level of
precision it was impossible to distinguish SNTO and FSTO conditions with a conventional probe at
room temperature.

The situation was different for a low-temperature experiment (sample and coil at −60◦C). The low
temperature induced a lower resistance of the coil and thus a variation of the relative weight of the
preamplifier and coil noise sources. After having chosen a length of the transmission line such that
the CTO frequency ωCTO was significantly different from the SNTO frequency ωSNTO, the difference
between FSTO and SNTO (Ξ = ∆SNTO −∆FSTO) became significant and clearly detectable. This is
illustrated in Fig. S5. In this run of experiments several spin-noise spectra were acquired for tuning
frequencies close to the SNTO and FSTO. One can notice that for tuning frequency corresponding
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Figure S4: Unfiltered spin-noise spectrum shown in Fig. S3 (blue line) and best-fit theoretical curve
to Eq. (8) assuming perfect tuning conditions ∆SNTO (green curve) or without this assumption (red
curve). In this last condition, the extracted parameter ∆SNTO was found equal to −0.045 ± 0.005.
Such a mistuning would lead to a frequency shift of 1.6±0.2Hz. In comparison the difference of fitted
resonance frequencies of the blue and green spectra of Fig. S4 was 3.4 Hz and the corresponding
difference measured on small flip angle spectra was found equal to 2.4 Hz (fitting uncertainties were
typically on the order of 0.2 Hz and consequently small when compared to biases). This illustrates
that within experimental uncertainties FSTO and SNTO cannot be distinguished for conventional
probes at room temperature due to lack of precision on SNTO.
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to the FSTO as determined by fitting the frequency pushing effect, a phase-distorted Lorentzian
curve was obtained on the spin-noise spectra, while a pure in-phase Lorentzian spin-noise spectrum
(SNTO condition) was obtained for a tuning frequency different from that where frequency pushing
vanished.

3 Influence of salt on the SNTO and FSTO frequencies on

a cold probe

Complementing the low temperature experiments, the deviation of the FSTO from the SNTO (Ta-
ble 1) was determined for different salt concentrations on a cryo-probe. The frequency pushing effect
decreases with increasing salt concentration because of the lower Q. Simultaneously the mistuning
parameter Ξ also decreases (see Table 1). This corroborates the decreasing impact of mistuning on
frequency pushing and dispersive spin noise line-shapes although the absolute difference between the
SNTO and FSTO frequencies increases.

In order to fit the experimental spin noise spectra (Fig. S6) to Eq. (8) a Tcircuit value of 57 K
was used. This value was determined for the same probe by fitting the concentration dependence of
spin noise spectra in Ref. [7] but was not explicitly given there. This temperature lies between the
nominal temperatures of the observe coil and of the preamplifier, since owning to the construction
of cryogenically cooled probes a temperature gradient exists across the probe’s resonant circuit and
transmission lines. Tsample was 298 K. The noise spectra were acquired in 512 noise blocks with 1.56 s
each, the final resolution was set to 3 Hz during the sliding window processing.[4, 5]
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Figure S5: Frequency pushing curve obtained on a conventional probe with a low temperature sample
and coil (−60◦C). The offset tuning frequencies (in Hz) are defined relative to Larmor frequency.
The best-fit theoretical curve to Eq. (5) is superimposed. Four spin-noise spectra acquired for four
frequency tuning conditions are shown (acquisition time 30 minutes). For the FSTO condition
(spectrum on the left), the spin-noise resonance was not of pure in-phase Lorentzian shape. While
the tuning frequency increased as characterized by the ∆ factor where the reference was defined for
the FSTO condition, the spin-noise resonance tended to an in-phase Lorentzian shape, the point
defining the SNTO condition. This condition was very close to the third spectrum, 188 kHz apart
from the first spectra in FSTO condition (this offset corresponds to Ξ = 0.25). This illustrates that
FSTO and SNTO can significantly be distinguished for conventional probes at low temperature.
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Figure S6: a) Resonance frequency versus tuning position curves of the water signal in samples of
H2O :D2O=1 : 1 at different NaCl concentrations recorded on a 700 MHz TCI cryo-probe. Experi-
mental data (plot markers) and fit (lines) are superimposed for each series. The FSTO frequencies
ωFSTO (yellow) were determined by fitting the experimental points to Eq. (5). The positions of the
SNTOs (red) on the individual curves were determined by fitting spin noise spectra at the adjacent
tuning positions to Eq. (8), weighting them according to 1/(1 + (∆SNTO)

2) and substituting the
resulting frequency into Eq. (5).
b–g) Spin noise spectra (blue) at six different tuning positions ωLC for the 0 mM NaCl series. Panels
c and d include fits (red) to Eq. (8), the resulting ωSNTO is given in the legend of each spectrum.
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