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A GUI of the new ASAP implementation

shows the graphical user interface (GUI) of the ASAP implementation in LLWP.1
The Loomis-Wood plot for the Jy5 ;15 series of target levels is shown in the center (the
respective target levels are given in the top right corner of each plot). The target level
series can be selected in the ASAP Settings window (top right). The 25510 level was just
assigned as is indicated by the blue color of the target level in the right corner, the fitted
lineshape in orange, and the assignment marker in pink. Determining the center position
of this single cross-correlation peak results in the seven assignments that are shown in the
New Assignments window on the bottom right. These are the position of the target level
and the six transitions making up the cross-correlation plot, which are also highlighted in
the ASAP Detail Viewer window on the left (similar to the right column of Fig. 2 of the
main manuscript).
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Figure S1: Graphical user interface of the ASAP implementation in LLWP.

Important settings can be found in the ASAP Settings window (top right). The interpola-
tion resolution should be set similar to the experimental resolution. Too high values increase
the computation time and too low values result in no or low-resolution cross-correlation
peaks. The predictions should be filtered by intensity to exclude any transitions that are
not visible in the spectrum. These settings can be found in the Settings and Filter tabs in
the ASAP Settings window, respectively.
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B Results of the ASAP? analysis

The ASAP? cross-correlation plots are presented for all measured bands: vag, Va7, V19, and gy

in as well as 2vo7, Vo7 + 114, and vey + 114 — v14 in [Fig. S3| In each figure, the number

of cross-correlated lines n and the FWHM w are given. For the FWHM w, a Gaussian was
fitted to the resulting ASAP? lineshape. Except for saturated lines (defined as lines
where the intensity peaks above 0.9 within the shown window) were excluded for improved
visual clarity. Differences in the cross-correlated lines n between the figures and the tables
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(b) ASAP? analysis for the 97 band.
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(d) ASAP? analysis for the 93 band.

Figure S2: ASAP? cross-correlation peaks for the specified bands of cyclopentadiene (top)
and their respective individual lines (bottom). In contrast to Fig. 5 of the main manuscript
(and the other figures shown here), no saturated lines were excluded in (a). Comparison with
Fig. 5 of the main manuscript shows that the influence on the center position is negligible.
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(a) ASAP? analysis for the 2v97 — 197 band. (b) ASAP? analysis for the o7 + 14 band.
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(c) ASAP? analysis for the vo7 + v14 — 14 band.

Figure S3: ASAP? cross-correlation peaks for the given bands of cyclopentadiene (top) and
their respective individual lines (bottom).

in the main manuscript result from these excluded saturated lines. Omitting the saturated
lines has only negligible effect on the resulting lineshape as can be seen by comparing Fig. 5
of the main manuscript (without saturated lines) and (with saturated lines).

For all figures, intensities below 0 (due to the baseline correction) were set to exactly
zero. This prevents an even number of negative intensities multiplying to a strong positive
signal. However, a small artifact of the procedure can be seen in where the right
wing of the ASAP? peak is cut off due to the non-optimal baseline correction. Other op-
tions include using the absolute intensities and shifting up the whole spectrum by the noise
floor. The optimal choice depends very much on the spectroscopic problem and the baseline
correction. For our case, absolute intensities resulted in additional unwanted features to the
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side of the peak. Shifting the spectrum by the noise floor eliminated the artifact but also
increased the FWHM. As the uncertainty of the ASAP? analyses is typically dominated by
the experimental uncertainty, this might be the preferred option for similar cases.

The lower half of the figures shows the intensities of the individual lines to highlight the
different strengths of the different bands. Even very weak bands result in symmetric ASAP?
peaks with high signal-to-noise ratios and narrow widths. For the bands presented here,
the FWHMs of the ASAP? peaks range from 1.4 x 107° cm ™! for vo7 to 8.5 x 107° cm ™! for
Vo7 + 114 — v14. The FWHM is heavily tied to the number of cross-correlated transitions, see
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C ASAP? in more detail

This section provides some more in-detail information on ASAP?.
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Figure S4: Cross-correlation peaks (top) and the individual lines (bottom) for the three
different IR measurements of the o6 band. In Figure (a) saturated lines were removed.
There, the three peaks agree within about 1 x 107™* cm™! which is much smaller than the
FWHM of the respective lines. In Figure (b), no lines were excluded, resulting in a worse
agreement between the three cross-correlation peaks (2.3 x 107 cm™!). Especially the lines
from the 30 pbar spectrum are heavily saturated resulting in a shift of its cross-correlation
peak.

First, the ASAP? analysis of the vy band at about 664cm™! is shown for the three
different IR measurements in The 56 band was chosen as it is covered by all three
IR measurements. Saturated lines (lines with a maximum intensity higher than 0.9) were
excluded in whereas all lines were used in [Fig. S4bl The three resulting cross-
correlation peaks are shown on top and the individual lines are shown in the bottom half.
Both the widths and the center positions differ between the cross-correlation peaks for the
different spectra. The varying widths are a result of the different pressures and for
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Table S1: The P x L values and number of unsaturated lines Nynes for the three different
spectra.

P [pbar] L [m] P x L [pbar-m] Npines

) 140 700 1062
30 140 4200 101
80 25 1920 749

also of the different numbers of cross-correlated lines (as shown in [Tab. S1)). Higher P x L
values increase the absorbance which leads to more saturated lines, which are filtered out in
[Fig. S4al In contrast, all three spectra in consist of Npines = 1922 individual lines.

The comparison between [Fig. S4a] and |Fig. S54b| shows that excluding the saturated
lines is important. When removing the saturated lines, the center positions vary by about
1 x 10~*which is well within the FWHM of the infrared lines (see the individual lines on
bottom) and also of the same magnitude as the FWHMs of the cross-correlation peaks.
With the saturated lines included, the agreement between the three cross-correlation peaks
worsens, especially for the measurement with the highest P x L value, the MIR 30pbar
spectrum. Theoretically, saturated lines do not pose a problem as their intensity is constant
over the cross-correlation peak. Multiplying the cross-correlation peak with a constant and
subsequent renormalization results in the same cross-correlation peak. An explanation could
be that the saturated lines are not perfectly constant but rather have a slight systematic
slope. The root cause are probably artifacts from the baseline correction in combination with
the saturated lines. Therefore it is recommended to use no or as-few-as-possible saturated
lines for the best possible accuracy. This also highlights ASAP?’s vulnerability to systematic
shifts which can come from saturation and baseline-correction effects (as shown here) but
also from the wavenumber calibration.

We also tested the precision of ASAP? by repeating the analysis 100 times for randomly
selected subsets of 10% of the total lines. The agreement between the cross-correlation peaks
belonging to the same measurement (same colors) is very good (about 1 x 107%cm™!, see
[Fig. S5a).

Last, shows the progression of the cross-correlation peaks with the number of
lines. They become narrower and more symmetric with increasing number of cross-correlated
lines. At the same time, the differences between the cross-correlation peaks for 1000 and
2000 lines are very small indicating that the improvements diminish at some point.

S6



MIR 5 bar 100 lines
= MIR 30pubar

FIR 80 ubar
200 lines /\Ak
500 lines fA\
1000 lines /\ \

2000 lines

= MIR 5pubar
= MIR 30pbar
FIR 80 ubar
T T T T T T T T T T T v ! T T T T T T T T T T T T T T T T T T T
—-0.0010 —0.0005 0.0000 0.0005 0.0010 —0.0010 —0.0005 0.0000 0.0005 0.0010
Wavenumber Offset [cm™1] Wavenumber Offset [cm~1]
(a) (b)

Figure S5: ASAP? cross-correlation peaks of v44 for 100 subsets each consisting of 10% of
the total lines (a) and for different number of randomly selected lines (b).
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