General comments

This manuscript provides a first characterization of the CARIBIC-AMS, an airborne instrument
based on commercial Aerodyne mini-AMS that is part of the IAGOS-CARIBIC research
payload. Unlike other airborne particle mass spectrometers that can rely on human input during
or at least after each flight, this particular instrument is required to operate in a fully autonomous
manner over the course of several flights. Given that IAGOS-CARIBIC operates exclusively on
commercial airliners, the reliability of power and communications is typically a lot worse than
on most research platforms. While the instrument testing reported here was cut short by COVID,
this work does report successful operation for a good portion of that testing period (36 flights,
plus a recent campaign in 2024 on a different platform, which is unambiguously a great
achievement, for which I want to congratulate the authors

As noted above, this is not a new instrument, but the adaptation of a commercial instrument that
has/will operate on a long-term mission to sample the global UT/LS (and some random snippets
of the lower troposphere). Hence for a characterization paper like this I would expect it to
describe, in addition to the actual modifications, both the operations and analytical performance
in enough detail to serve as a guide for future data users/modelers to use the data properly and
have a handle on the uncertainties. This paper is fairly detailed on both the motivation and
modifications but has a few gaps when describing the operations (the reader learns a great deal
on the general CARIBIC schedule of operations, but rather less on the specifics of the CARIBIC-
AMS operation). However, it does not describe the analytical performance. While the pre-
deployment calibrations are described in detail, no field calibrations are shown. And in lieu of
instrumental validation by multiflight instrumental comparisons and performance metrics, the
paper chooses to narratively highlight the sulfate measurement on two flight segments. Detection
limits are shown and mentioned in the abstract, but it is unclear if these are specific to the single
flight segment shown (so “best of’) or an actual average of the usable flight segments.

The authors explicitly write in the conclusions that the “metrology paper” will be next. And I
certainly agree that it makes sense to leave most of these details for a paper written on the new
version of the instrument that is going to start flying shortly on the new CARIBIC platform.
Nevertheless, in this manuscript some metrics need to be shown to support that despite all the
operational challenges, the instrument actually quantifies PM consistently. Showing, as the
authors do in Section 3, examples of AMS sulfate tracking stratospheric markers does not really
do that, it just shows that the instrument recorded data and there were no inlet leaks. What needs
to be shown is a) how well did the CARIBIC-AMS data agree with collocated instruments and b)
are there systematic biases due to the way it is operated (e.g. does the instrument do worse or
better on Flight #6 vs Flight #1 of a sequence?). This does not need to be shown for every
possible metric (that’s paper #2); e.g. just focusing on the (mentioned in the text) agreement
between the AMS and the filter sampler would likely be sufficient. But without that, it is
impossible to evaluate if the modifications were successful in terms of making the CARIBIC-
AMS a quantitative instrument.



I also find some of the AMS specific details to be confusing, and hope that the authors can
clarify them, given that this paper is probably going to be read widely.

This paper describes the first deployment of an important new analytical resource to investigate
the UT/LS, and therefore is certainly a good fit for AMT.

Major comments:

Characterization of the particle range sampled by the instrument: For any
model/measurement or two instrument comparison, a well characterized operational
particle range is key. For the CARIBIC-AMS, that would be a product of the aircraft inlet
transmission, the transmission of transfer plumbing and of the AMS inlet (both their
custom CPI and the PM1 lens). For the aircraft inlet, the authors reference Herrman et al
2001 and Brenninkmeijer 2007, which given the submicron focus of the instrument is
perfectly adequate. However, there is no characterization of either plumbing losses or
AMS inlet losses. It is mentioned in L128 that the plumbing losses were calculated, but
no results are shown. Regarding the AMS inlet losses:

o For the actual AMS lens, Liu et al, 2007 is referenced. As discussed in e.g. Knote

et al, 2011, there are significant discrepancies both at the high and low end of the
curve between Liu et al, 2007 and other reports of AMS transmission. Given that
the accumulation mode in the stratosphere goes well above the PM lens cut (e.g.
Brock et al, 2021, Fig. 11), while in the upper troposphere the sampling of particle
growth events on the low end of the transmission range is expected, both of these
uncertainties will matter for accurate quantification. And they are somewhat
dependent on instrument-specific parameters (quality of the alignment, lens
vintage, lens pressure), hence an instrument specific characterization is needed, or
, in the short term, at least some spot-check confirmation that the actual
transmission does indeed follow one of the reference curves.

Then there is the issue of the relatively novel CPI used in this work. While
Molleker et al 2020 does characterize the transmission performance of the
CPI+PMz: s lens in detail, I am not aware of a similar characterization for this
CPI+PM1 lens, so the exact impact of the CPI on the lens transmission above is
unclear. The authors do report that the comparisons in Mei et al, 2020 suggest
serious losses at low altitudes. While I agree that this is unlikely to matter for the
portions of the atmosphere sampled by the CARIBIC-AMS, it does (as the
authors acknowledge) matter for understanding the sensitivity calibrations on the
ground. The authors write: ”For this purpose, the mass-based IE calibration as
described above is done at various pressures and a pressure-dependent IE is used
for the data evaluation” (L287-289). Since said calibration is done at a constant
calibrant size, this seems to imply that the authors assume the losses in the CPI at
high pressure to be size-independent. This is to me a counterintuitive assumption



that needs more support/explanation, since it’s central to the instrument’s
performance.

o Again, while these might seem like minor points, if we take Fig 11-1 in Brock et
al, 2021, there is a ~40% difference in accumulation sulfate mass if one were to
apply the Liu vs Knote lens transmission. This uncertainty is not reflected in the
35% accuracy estimate by Bahreini et al, 2009, is dependent on the specific
airmass sampled and hence should be treated (and discussed) separately.

If none of this calibration data is available, then at least the effect of the various

literature transmission curves and the “pressure dependent IE” on the final

reported concentration needs to be discussed when compared to other instruments.
Instrumental Collection Efficiency: The current manuscript does not mention collection
efficiency (CE) (Canagaratna et al, 2007) at all, which for an AMS-style instrument
sampling the free troposphere is a strange omission. This might be warranted if the
instrument had a capture vaporizer (Xu et al, 2017, Hu et al, 2017) that mostly obviates
the need for a particle bounce correction factor. Now, the authors do not specify what
vaporizer was used (please add this!) but both Fig 1 and the mention of a ”tungsten
vaporizer” strongly implies that this is a standard vaporizer as described in Canagaratna
et al 2007. Hence a bounce correction (Middlebrook et al, 2012) is needed for this
instrument (and for all the data presented in Section 3) and should be described and
discussed. The authors might also want to explain in this context the reasons for that
particular vaporizer choice, which seems counterintuitive to me.
One item I would like the authors to specifically address in this context is how the high
ammonium detection limits of the CARIBIC-AMS will affect the accuracy of the CE
correction at different altitudes. While averaging can be used to improve the CE accuracy
in the stratosphere, this is probably not the case during ascent/descent. If so, what are the
consequences for data reporting?
Sensitivity Calibrations: Section 2.3.2. summarizes some pre-deployment calibrations.
Fig 5 and 6a certainly have value in terms of showing that the instrument post
reconfiguration was working well. But as noted, for a field instrument it would be much
more valuable to show the timeseries (or set of regressions in Fig 5) for the in-field
calibrations between 2018 and 2020 to assess instrument stability (particularly the
calibration pairs before/after one set of flights). If the testing was too rough on the
instrument, this might not be possible, but again, with 36 flights there should be some
good data to show.
The purpose of Fig 6b is not clear. First of all, the uncertainty bands shown seem
incorrect. This is a test of RIE fidelity, and the uncertainty for those is 15% (2 sigma) per
Babhreini et al, not 35% (which is the total uncertainty). Secondly, previous work has
shown no such discrepancy for mixtures (e.g. Jimenez et al, 2016, Xu et al, 2018). Hence
the reasons for this disagreement, if real, need to be explained better. There could be
issues with different transmission efficiencies for both instruments, different choices in



acquisition cycle, or something else entirely. I think it could also be removed, since it
does not really provide much context on the overall instrument performance (a
correlation/dual timeseries of ambient measurements on the ground might in any case be
more appropiate).

e Size resolved measurements and AMS operation. The description of the ePToF custom
implementation and subsequent calibrations is good, although I would suggest to the
authors to consider using an alternative figure that shows the (significant) increase in S/N
and resolution a bit more convincingly. Also, it should probably be noted somewhere that
the theoretical resolution is 1/127 (Hadamard sequence length). However, as the paper is
written it is completely unclear if any size dependent measurements were taken in flight.
The larger point is that there could be a bit more detail on exactly how the AMS
acquisition is run. The authors write that the typical MS acquisition is 30 seconds long,
but it is unclear how many open/closed cycles this encompasses and what the effective
dutycycle for sampling is. When are the ePToF runs scheduled? And does the instrument
operate on a fixed time basis or not?

e Detection limits: The estimation of the detection limits from the closed signal seems very
reasonable, but since the instrument takes automated blanks it would be good to show a
comparison of the calculated DLs with the ones derived from the statistics of the blanks.
More generally, while it is great that the authors reported these DLs, as noted above it is
very unclear for what conditions these are specified Do these only apply to Flight 508? I
think it would be a lot more informative to:

a) Report average DLs for the stable stratospheric periods of all available flights
b) Show the change of these DLs for a range of flights. Ideally other species
besides sulfate should be shown, since e.g. ammonium and OA are much more
likely to greatly improve with additional pumping over the course of the
flight/circuit.
For the abstract, again it would be good to specify what these DLs refer to.It might be
simpler and easier to follow to just write that the DLs will scale with 1/sqrt(N) for longer
averaging times, instead of quoting 5 min DLs

- Section 3: Validation. Section 3.1 puts the measurements in an appropriate context and
helps the reader re-digest the information from the Ops section, but I would suggest
adding some AMS context from my previous comments (e.g. discussion of CE and
particle size range). Section 3.2 on the other hand does not really introduce anything new.
Instead, as noted in the general comments, this would be the place where some
instrument comparisons over several flights are shown and discussed (either filters or
volume size distributions). Given the teething problems of the instrument, this data is
likely going to be noisy and will suggest low accuracies that will hopefully soon be
superseded by version 2 of the instrument. This is understandable and can be properly
contextualized in the text, but the data should still be shown.

Minor comments:



Single Ion Calibration: This is a minor point, but I am not following the need for periodic
single ion calibrations during flight. The single ion calibration at this point (post-2014)
just supplies a scaling factor (the SI) to convert signal to counts per second. Historically,
this calibration also included the spectral baseline fit, but that has been automated since
2016 and is taken on a per-run basis. Now, the in-flight SI is needed to scale it to the SI of
the sensitivity calibration. BUT once the instrument is running and the SI has been
characterized once, the variability of the SI is fully captured by the airbeam variability
(especially in an instrument with a well-working CPI). So while the ability to do this
calibration on the fly e.g. in case of in-flight instrument reboot is important and
impressive to have implemented, I would really appreciate it if the authors could explain
their rationale for why periodic SI calibrations are needed. As a side note, it would be
nice to see a figure with either the airbeam or SI change for a couple of flights.

Figure 3: It would be very helpful if the different operation states described in the text
are added to the figure (maybe as shaded bars). Also, please clarify the units for the Y-
axis. Are these A at 24 V? It might be clearer to use W(atts) here.

Section 2.2.3 is not a straightforward read, since it tries to combine both topological and
process details into one narrative. One suggestion to make it more accessible is to add a
simple diagram showing the network/software topology/hierarchy and referring to it in
the text.

The units used in the paper are pg m STP. STP is not defined anywhere, and since the
atmospheric community is not exactly known for its general adherence to SI units I
would strongly urge the authors to spell out what they mean in the text.

Line 19: Instead of “part” maybe “module” would read better?

Line 25: “Due to the short time”

Line 86: I would recommend adding the mission description paper for Atom here as well

for completeness:
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L161: “into one new housing”



e [.244: “Thus, flow calibrations and size calibration will not change, need to be calibrated
only once, and later on only have to be checked.”. Agreed. But can you elaborate on how
often these checks are done in practice?

e [.387: “...than at the end of the flight”
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