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Abstract We present the first light results from the Digital Absolute Radiometer
(DARA) onboard the European Space Agency’s PROBA-3 mission, launched on
5 December 2024. DARA-PROBA3 features three cavities that perform Total
Solar Irradiance (TSI) measurements based on their component-level calibra-
tion. The uncertainty budget established before launch is revised in flight and
extended with a dark correction derived from deep-space measurements, giving
combined standard uncertainties of 181, 164 and 169 ppm for cavities A, B
and C. First light was established on 25 February 2025, the three cavities record-
ing 1362.15, 1362.02 and 1361.97 Wm™2 at their respective first-measurement
epochs. Averaged over their individual observation windows, DARA-PROBA3
gives a mean TSI of 1361.96 + 0.09 W m~?2 across the three cavities, in agreement
with the value recorded by the VIRGO/PMOG6 radiometer over the same interval
(i.e. 1361.94 Wm~2). Extending the analysis to the post-commissioning period,
from August to October 2025, we identify two classes of instrumental outlier
associated with the orbital geometry of the spacecraft. DARA-PROBA3 follows
the VIRGO/PMOG6 record at both minute and daily resolution, and shows the
same sensitivity to solar fluctuations as DARA-JTSIM and TSIS-1/TIM at daily
resolution, establishing a baseline for the mission.
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1. Introduction

Total Solar Irradiance (TSI) is the integrated solar electromagnetic energy flux
across the entire spectrum arriving at the top of Earth’s atmosphere at the
mean Sun—Earth distance of 1 AU. This fundamental solar parameter has been
monitored continuously from space since 1978, forming one of the key parameters
for understanding solar variability and its influence on Earth’s radiation budget
and climate forcing (Thuillier et al. 2006; Schmutz 2021). The nominal TSI value
is 1361 W/m? as recommended by the IAU 2015 Resolution B (Prsa et al. 2016).
The long-term TSI record is essential for climate models and understanding
the mechanisms linking solar variability to atmospheric and oceanic responses
(Eyring et al. 2016; Egorova et al. 2018; Hansen et al. 2011; Kopp 2025). TSI is
measured in space using electrical substitution radiometers (ESRs), cavity-based
absolute instruments that rely on the principle of thermal equilibrium between
absorbed solar radiation and dissipated electrical power (Suter 2014). The abso-
lute calibration of these instruments determines the consistency and traceability
of the global TSI database. Since the launch of the PREMOS/PICARD mission
in 2010 (Schmutz et al. 2013), new TSI instruments have been calibrated on the
system level against SI-traceable standards, particularly through the Total Solar
Irradiance Radiometer Facility (TRF) at the Laboratory for Atmospheric and
Space Physics (LASP), University of Colorado (Kopp et al. 2007; Montillet et al.
2026). Prior measurements, including the VIRGO/SOHO instruments launched
in 1996, were calibrated relative to the World Radiometric Reference (WRR),
which is itself offset from the SI scale by approximately 0.34% (Fehlmann 2011;
Fehlmann et al. 2012).

The Project for On-Board Autonomy-3 (PROBA-3) is a European Space
Agency formation-flying mission consisting of two spacecraft: the Occulter Space-
craft (OSC) and the Coronagraph Spacecraft (CSC). Launched the 5th of De-
cember 2024, PROBA-3 is designed primarily to achieve unprecedented high-
resolution observations of the solar corona through external coronagraphy (Zhukov]j
et al. 2026). The formation geometry and pointing stability required for coro-
nagraph operations create an exceptionally stable solar-pointing platform with
extended periods of uninterrupted solar viewing thanks to the long orbital period
of 19.6 hours. The Digital Absolute Radiometer (DARA) radiometer is installed
on the OSC (Figures 7 and 8, Appendix A). PROBA-3 follows a highly elliptical
orbit (600 x 60530 km, inclination ~ 59°, period ~19.6 h), allowing continuous
solar observation arcs of up to 19 hours (Montillet et al. 2026).

The DARA onboard PROBA-3 is the latest generation of electrical substitu-
tion radiometers developed by the Physikalisch-Meteorologisches Observatorium
Davos and World Radiation Center (PMOD/WRC). DARA’s design heritage
traces through the Compact Lightweight Absolute Radiometer (CLARA) on the
NorSat-1 microsatellite and the Chinese meteorological satellite FY-3E/JTSIM
mission, where a similar DARA instrument has been operated successfully since
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2021. The DARA employs a three-cavity design with inverted aperture geometry
to minimize stray light and a digital control electronics. DARA is calibrated and
traceable to the WRR and SI standards (Montillet et al. 2026). Cavity B is the
nominal channel and is operated continuously; cavity C is the back-up and is
exposed once every 15 days; cavity A is the reference channel and is opened only
rarely.

This work presents the first light results from DARA /PROBA-3 and compares
these measurements with three established reference missions spanning the re-
cent TSI record: an earlier version of the DARA on board of FY-3E/JTSIM
metrological spacecraft (Zhu et al. 2025), VIRGO/PMO6 onboard of SOHO
— the longest-running continuous TSI experiment (Finsterle et al. 2021), and
the TSIS-1/TIM mission from LASP (Kopp 2016). Table 1 summarizes these
missions and their key characteristics. It is important to underline that the
records referenced to the WRR are converted to the SI scale, so that all four
series are compared on a common scale in the following sections.

Section 2 describes the calibration used in space. Section 3 presents the first
light measurements. Section 4 identifies the instrument-related outliers observed
in the post-commissioning period. Section 5 cross-validates the resulting baseline
with other data products derived from other missions (e.g., VIRGO/PMOG,
TSIS-1/TIM). Section 6 concludes this study.

Table 1. TSI Missions, product versions and instruments used in this study. Note that the
TSI scale is the original scale of the measurements for each radiometer.

Mission/Instrument Version Start Date Status Scale Reference
VIRGO/PMO6 (SOHO) v8 January 1996  Active 'WRR Finsterle et al. (2021)
DARA (FY-3E/JTSIM) vl July 2021 Active  WRR Zhu et al. (2025)
TSIS-1/TIM v4 November 2018 Active SI Kopp (2016)

DARA (PROBA-3) vl December 2024 Active SI This study

2. Calibration in Space

This section summarises the in-space calibration and resulting uncertainty bud-
get of DARA-PROBAS3. The pre-flight characterization, including the component-Jj
level calibration (aperture area, cavity reflectance, diffraction, lead-heating, elec-
trical traceability) and the two system-level calibrations against the TRF at
LASP and the WRR at PMOD/WRC, is described comprehensively by Mon-
tillet et al. (2026). The irradiances reported here are based on component-level
calibration of Table 2. This native scale is SI-traceable through the calibration
of the individual components.

Commissioning of the instrument began approximately four weeks after launch,i
once the OSC had reached the dedicated orbit and stable pointing configuration,
and consisted of the exposure of the nominal DARA cavity (B) to sunlight in
order to perform a preliminary check ahead of continuous measurements. Table 2
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reports the resulting in-flight uncertainty budget for each cavity in irradiance
mode under vacuum condition and referenced to the extraterrestrial solar spec-
trum. It also includes one term absent from the pre-flight budget of Montillet
et al. (2026): the Dark Correction, discussed below.

During the commissioning phase, one of the main tasks is to perform the Deep
Space (DS) measurements where the instrument is tilted by an approximate 70
deg. from the sun, such as the radiometer observes only the deep space. During
these measurements, the cavity of the radiometers exchanges radiation with a
different thermal background in the open-shutter state, when the cavity radiates
to deep space, compared to the closed-shutter state when the cavity’s thermal
emission is reflected by the (gold-coated) backside of the shutter (Walter et al.
2017; Song et al. 2021; Montillet et al. 2026). The DS correction is then required
to validate the numerical simulation of the thermal background effect, which is
linked with the field-of-view and the temperature of the instruments.

Unlike the pre-flight background correction of Montillet et al. (2026), which
was estimated from ground- and TRF-based measurements of the radiative ex-
change between the cavity and its immediate laboratory surroundings within a
sealed tank, the dark correction reported here is derived from these DS measure-
ments, and therefore reflects the thermal background encountered by the instru-
ment on orbit. The resulting offsets are —6.30 Wm ™2 (channel A), —6.95 W m ™2
(channel B), and —6.10 Wm~2 (channel C), corresponding to uncertainties of
135, 118, and 115 ppm, respectively. Propagating this term with the remaining
component-level contributions raises the total combined standard uncertainty
for each cavity to 181, 164, and 169 ppm (Channels A, B, C) compared to
the pre-flight component-level budget of 149, 151 and 162 ppm reported by
Montillet et al. (2026). This is expected: DS measurements performed in orbit
yield substantially larger thermal background corrections than those inferred
from the TRF’s laboratory vacuum tank at ambient temperature.

3. First Light
3.1. First Light Values

On 25 February 2025, the instrument successfully passed the commissioning
phase, and started recording the total solar irradiance. Channels A and C began
at 10:35 UTC; channel A ran until 12:28 UTC and channel C until 14:29 UTC.
Channel B began at 12:38 UTC and also ran until 14:29 UTC, so that channels A
and B each cover approximately 2 h and channel C approximately 4 h. Figure
1 displays the observations recorded for each cavity. Channel A recorded a first
TSI value of 1362.15 Wm~2 (total uncertainty 187 ppm); channel B recorded
1362.02 Wm~2 (168 ppm); and channel C recorded 1361.97 Wm~2 (175 ppm).
The scatter of the measurements of the individual cavities over their observation
windows lies between 0.03 and 0.07 Wm ™2 and is mostly caused by solar vari-
ability. Cavities A and C, which overlap between 10:35 and 12:28 UTC, track
each other closely; cavity B lies above cavity C by a constant offset over their
common window. We observe an off-pointing episode which occurred between
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Table 2. Corrections and calibrations used in space: DARA/PROBA3 character-
ization and calibration for irradiance in vacuum and with extra-terrestrial solar
spectrum. The uncertainty (o) is displayed in parts-per-million (ppm).

Channel A Channel B Channel C

Characterization item Value o Value o Value o

[ppm] [ppm] [ppm]
Aperture area [mm?] 19.7011 92 19.6660 92  19.6842 91
Aperture temperature [°C] 19.99 24 19.99 24 19.99 24
Reflectance/absorptivity [ppm] 640 51 650 34 754 61
Diffraction (extra-terr. solar) 1.001279 25 1.001279 25 1.001279 25
Heater voltage N/A 19 N/A 17 N/A 18
Shunt voltage N/A 14 N/A 14 N/A 14
Shunt resistance [Q] 429 40 422 40 433 40
Shunt resistor TCR [ppm/°C] 10 10 10

+15°C to +45°C

Lead heating (vacuum) 1.000034 3 1.000044 4 1.000044 4
Dark correction [W m™2] 6.30 135 6.95 118 6.10 115
Combined standard uncertainty 181 164 169

13:24 and 13:33 UTC, during the recording of cavities B and C. Cavity A had
completed its run before it and is unaffected. The samples acquired during this
time frame have been identified as outliers and removed. Note that all the first-
light measurements reported here were recorded during the single orbit observed
on 25 February 2025. The values reported above, and all the windowed means
of Section 3.2, are computed from the remaining samples.

3.2. Comparison per Cavity

We extend the first light values of Section 3.1 to the full duration of each cavity’s
observation run (approximately 2 h for channels A and B and 4 h for channel C,
all on 25 February 2025, spanning 10:35-14:29 UTC), treating each cavity in-
dependently, and not reporting a single whole-instrument average as Zhu et al.
(2025). We compare these values against the two long-running reference missions,
the VIRGO/PMOG6 (v8 product, degradation-corrected, Finsterle et al. 2021
dataset Finsterle, Wolfgang 2026) and TSIS-1/TIM (v4, 6-hour average, Kopp
2016) time series. The VIRGO/PMO6 v8 product is referenced in SI scale. The
WRR-to-SI correction was applied to the original measurements as described
by Finsterle et al. (2021). For the same reason, the DARA-JTSIM observations
were also corrected using the WRR-to-SI correction factor (Montillet et al. 2025).
TSIS-1/TIM, itself SI-traceable via the TRF, is used without further correction
(Kopp 2016).

For each channel, we compute the mean TSI value recorded by DARA-
PROBAS3 over its own recording window, and apply the same procedure to each
reference series. The observations recorded by the DARA-JTSIM, VIRGO,/PMOG |}
and TSIS-1/TIM are averaged over the identical period as the corresponding
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Figure 1. First light TSI time series recorded by the three DARA-PROBAS3 cavities on 25
February 2025: Cavity A (blue, 10:35-12:28 UTC), Cavity B (orange, 12:38-14:29 UTC), and
Cavity C (green, 10:35-14:29 UTC). The samples recorded during the off-pointing episode of
13:24-13:33 UTC have been removed.

DARA cavity. Table 3 reports for each channel, the resulting mean irradiance.
In addition, it includes the mean and standard deviation of each series across the
three cavities. DARA-PROBA3 exhibits the following values 1361.90, 1362.06,
and 1361.90 Wm~2 for cavities A, B, and C over their respective time windows.
The mean value across the three cavities is 1361.96 Wm~=2 (o = 0.09 Wm~2),
in close agreement with the SI-corrected VIRGO/PMO6 mean over the same
windows (1361.94 Wm™2, 0 = 0.01 Wm~?2), and 1.06 Wm~2 below the TSIS-
1/TIM mean (i.e. 1363.02 Wm~2, o = 0.01 Wm~2). The DARA-JTSIM mean
value (i.e. 1359.57 Wm™2, ¢ = 0.03 Wm™2) over the same time frame is
2.38 Wm~2 below DARA-PROBA3 and 2.37 Wm~2 below VIRGO/PMO6.
Expressed as relative differences of the windowed means, the three cavities differ
from VIRGO/PMO6 by 0.003 %, 0.009% and 0.003% (cavities A, B and C),
which is within the scatter of the DARA-PROBA3 measurements. Against TSIS-
1/TIM the same cavities are 0.081 %, 0.071 % and 0.082 % lower, and against
DARA-JTSIM 0.173 %, 0.181 % and 0.172 % higher.

Because each instrument samples TSI at a different data rate, the same
window-averaging procedure yields values of differing reliability depending on
how well each instrument’s own sampling resolves the window. The VIRGO /PMOG6]]
measurements are sampled at 1-minute cadence, so its windowed average is a
well-sampled estimate of the true mean TSI over that interval. Its low scatter
across the three cavity windows (0.01 Wm~2) is evidence that TSI remained
stable throughout the full 10:35-14:29 UTC period. TSIS-1/TIM is distributed as
a 6-hour averaged product, so no window narrower than 6 h can be independently
resolved from it. The windowed average reported here is therefore the value of the
pre-averaged 6-hour bin(s) overlapping each cavity’s window. The near-identical
value obtained for all three cavities (i.e. mean value 1363.02 Wm~2, ¢ = 0.01)
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reflects this product resolution. The main channel of the DARA-JTSIM records
only ~20 min of data per ~101 min orbit, so its windowed average over a 2—
4 h span is computed from only the sparse subset of samples that fall within
that window; this reduces the effective number of independent measurements
entering the average relative to VIRGO/PMO6 or DARA-PROBA3. There-
fore, its channel-to-channel spread (mean 1359.57 Wm~2, ¢ = 0.03) should be
interpreted carefully with this reduced sampling (Montillet et al. 2025). DARA-
PROBAS3 itself is sampled continuously over each window at a 1-minute rate,
so its own windowed average is, like the PMOG6v8 product, fully resolved. Its
spread across the three cavities (mean 1361.96 Wm~2, o = 0.09 W m~2) reflects
a stable offset between the cavities rather than the scatter introduced by the off-
pointing episode, whose samples have been removed. Cavities A and C agree
to within 0.01 Wm™2, or 7 ppm, which is below the scatter of the individual
measurements, while cavity B exceeds cavity C by 0.16 Wm™2, or 117 ppm, an
offset that is unchanged across the whole of the window they share. An offset
of this magnitude remains within the combined standard uncertainty of a single
cavity (see Table 2).

Table 3. First light value: TSI Measured from 10:35 to 14:29 UTC, on 25
February 2025. The last column displays the mean over the three cavity windows
and the standard deviation (std) between them.

Instrument Channel A Channel B Channel C Mean =+ std

DARA-PROBA3 1361.90 1362.06 1361.90 1361.96 £+ 0.09
DARA-JTSIM 1359.55 1359.60 1359.57 1359.57 4+ 0.03
VIRGO/PMO6 1361.94 1361.94 1361.95 1361.94 £ 0.01
TSIS-1/TIM 1363.01 1363.03 1363.03 1363.02 £+ 0.01

4. Instrument-Related Outliers

Figure 2 presents the DARA-PROBA3 Cavity B record spanning from first
light on 25 February 2025 through 10 October 2025. Outside a small number of
discrete, localized excursion events, the record maintains a stable TSI baseline
of ~1360-1362 W m™2, consistent with the initial first-light values established in
Section 3. It is important to note that the nominal channel (Cavity B) and the
back-up channel (Cavity C) operate at different duty cycles. This asymmetric
sampling is deliberate: by keeping Cavity C mainly closed in order to minimize
the cumulative UV/EUV exposure that drives long-term radiometer degrada-
tion, allowing it to serve as a low-drift reference against which the nominal
channel’s performance can be tracked over time (Finsterle 2000). Degradation of
the nominal channel will be assessed a posteriori from the ratio of its readings to
those of the occasionally exposed back-up channel (Kopp 2025; Montillet et al.
2025). The interval covered by this first light study is too short for such an
assessment, which is deferred to a later analysis of the mission record.
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A close inspection of this near-continuous interval reveals that outliers fall
into two distinct empirical categories, both directly linked to the spacecraft’s
orbital geometry and operations:

1. Spacecraft Maneuvers (Type I): Transient off-pointing events associated
with formation-flying maintenance of the Occulter Spacecraft (OSC). These
occur at a variable frequency—ranging from zero up to twice per 19-hour
orbit—and have short durations bounded at < 10 minutes.

2. Perigee Fly-bys (Type II): Excursions recorded during the perigee pas-
sage, when the Earth enters or approaches the instrument field of view.
The proximity of the Earth perturbs several housekeeping parameters of the
instrument—for example the temperatures across the sensor head and the
electronics board, and the primary current measurement—so the affected sam-
ples are treated as unreliable and removed. These events repeat at the orbital
cadence and exhibit longer durations ranging between 15 and 30 minutes,
determined by the geometry of the trajectory near perigee.

To demonstrate the instrumental origin of the Type I and II outliers, we
select a particular day, 2025-09-03, shown in Figure 3, on which two events are
recorded: one Type I event near 15:00, and one Type II event near 10:30 UTC.
Figure 4 displays the voltages from the four-quadrant (4Q) sun sensor for the
same day. During the Type I event, the DARA pointing sensor (4-quadrant
photo diode) show a variation of voltage across individual quadrants while the
summed signal displays a small spike at ~3.95 V, confirming a transient atti-
tude motion relative to the solar disk rather than a genuine change in incident
irradiance; the cavity’s intrinsic voltage shows no comparable nudge during
this event, indicating that the measurement remains undisturbed. During the
Type II event, by contrast, the summed 4Q signal shows a drop consistent with
the Earth entering or approaching the instrument field of view. This is linked
with transient perturbations in several housekeeping parameters, for example
the board temperatures and the primary current measurement, indicating that
the fly-by disturbs the instrument in a different way from a manoeuvre. The
instrument appears to continue measuring through the fly-by, so the affected
samples are flagged and removed. Some of the housekeeping parameters for this
day are shown in Figure 9 (Appendix B).

5. Cross-Validation With Other Data Products

To independently evaluate the TSI observation baseline, we compare the DARA-
PROBAS3 record with the continuous, minute-rate measurements of the PMOG6v8
product. For the minute-rate comparison we restrict the analysis to the post-
commissioning interval, from 1 August 2025 onwards, which provides a near-
continuous record with substantially fewer commissioning- and manoeuvre-relatedll
outliers than the earlier part of the mission. The daily-averaged comparisons
that follow cover the full record, from first light on 25 February 2025 to 10 Oc-
tober 2025.
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Figure 2. DARA-PROBAS3 time series of TSI measurements from first light to 10 Octo-
ber 2025. As the Type I outliers can have very large scatter (up to ~300 Wm~2), we reduced
the scale of the figure.
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Figure 3. DARA-PROBA3 time series of TSI measurements on 2025-09-03, showing one
Type I event near 15:00 and one Type II event near 10:30 UTC.

Figure 5 compares the minute-resolution time series of DARA-PROBA3 against]j
the PMOG6v8 product. At this resolution, DARA-PROBA3 reproduces the same
short-timescale solar variability features recorded by PMOG6v8, with the two
baselines coincident to within 0.5 Wm™2 throughout the interval shown. We
next compare the daily-averaged DARA-PROBA3 (cavity B) and PMOG6v8 time
series over the full record (Figure 6). At this coarser resolution, the two series
continue to track each other closely (below 0.15 W m~2), additionally reproduc-
ing longer, multi-day dips and recoveries not readily visible at the minute scale,
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Figure 4. The voltage recorded by the four-quadrant (4Q) sun sensor, each quadrant in
a different colour and the summed signal in magenta, on 2025-09-03. Near 15:00 UTC the
individual quadrants swing while the summed signal shows a small spike, the signature of a
Type I maneuver; near 10:30 UTC the summed signal itself drops, the signature of a Type II
event.
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observations recorded by DARA-PROBA3 (blue), from 1 August to 10 October 2025. The
DARA-PROBA3 samples are shown unfiltered. A Zoom of a section of the time series is
included at the top.
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Figure 6. Comparison at daily rate between the PMOG6v8 product, the TSI observations
recorded by DARA-PROBA3 (cavity B) and DARA-JTSIM, over the full record from first
light to 10 October 2025. The DARA-JTSIM series is shifted by +1.9 Wm™—2.

confirming that DARA-PROBA3 resolves genuine solar-driven TSI variability
consistent with PMOG6v8 across both timescales. This close match between the
irradiance recorded by the two instruments corroborates the results stated for the
first light in Table 3. The daily-sampled DARA-JTSIM record shows the same
sensitivity to solar fluctuations over this interval once its baseline is shifted by
+1.9 Wm~2. This shift is smaller than the 2.38 Wm~2 difference obtained at
first light and close to the mean offset of 1.82 Wm™2 between DARA-JTSIM
and VIRGO/PMO6 reported over the JTSIM record by Montillet et al. (2025).
The principal result of this comparison is therefore the close match between
the DARA-PROBA3 and PMOG6v8 baselines across the whole record, especially
witnessed at daily resolution.

As an independent cross-check on the DARA-PROBA3 baseline, Figure 10
(Appendix) compares daily-averaged DARA-PROBA3 against the TSIS-1/TIM
observations over the same full record, with TSIS-1/TIM offset by —1 W m~2 for
visual clarity. The two series show the same sensitivity to solar fluctuations, pro-
viding an independent confirmation of the day-to-day PROBAS3 baseline against
a second Sl-traceable reference, in addition to the PMO6v8 comparison above.
The Section C (Appendix) gives more detailed comparison on the observations
recorded by TSIS-1/TIM and the other radiometers selected in this study.

6. Conclusions
We have presented the first light results from the Digital Absolute Radiometer

(DARA) onboard the ESA PROBA-3 mission, operated on its native component-
level scale (Montillet et al. 2026). A Dark Correction derived from deep-space
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measurements raised the combined standard uncertainty of Channels A, B and C
to 181, 164 and 169 ppm.

First light was recorded on 25 February 2025, with Channels A, B, and C
giving 1362.15, 1362.02, and 1361.97 W m™2, respectively, at their respective
first-measurement epochs. The spread across cavities reflects a stable offset be-
tween Cavity B and Cavity C, consistent with the pre-flight characterisation
from which the nominal and back-up channels were selected.

Extending the analysis from 25 February 2025 to 10 October 2025, we iden-
tified two distinct classes of instrumental outliers tied to the spacecraft’s orbital
geometry: short excursions associated with formation-flying maneuvers of the
OSC, and longer excursions recorded during perigee fly-bys. The TSI observa-
tions recorded by the DARA-PROBA3 show close agreement with the PMO6v8
product from VIRGO/SOHO at both minute and daily-averaged resolution,
correctly recording solar variability. The daily-sampled DARA-JTSIM and TSIS-
1/TIM records show the same sensitivity to solar fluctuations over the same
interval, although their absolute levels differ from that of DARA-PROBAS3,
DARA-JTSIM lying 2.38 Wm~2 below and TSIS-1/TIM 1.06 W m~2 above.

To conclude, these results demonstrate that DARA-PROBA3 achieves an
in-flight performance consistent with its pre-flight calibration, and establish
a validated baseline against which the longer-term stability, degradation, and
calibration of the instrument can be assessed as the PROBA-3 mission continues.
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Appendix

A. The DARA-PROBA3 Instrument
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Figure 7. The DARA-PROBA3 flight model during pre-flight testing. The three circular
openings in the front plate are the corresponding view-limiting apertures for each cavity.

Figure 8. Interior of the head of DARA-PROBA3, which houses the cavities. On the right—
hand side, we observe the three cavities arranged in a triangle. Each cavity exposes the conical
interior.
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Figure 9. Housekeeping telemetry on 2025-09-03, on the same time axis as Figures 3 and 4.
Top: cavity heat-sink temperature. Bottom: 28 V primary current. The purple band marks the
Type II perigee fly-by (10:12-10:37 UTC).

B. Housekeeping Signature of a Perigee Fly-by

Figure 9 illustrates the disturbance on some housekeeping parameters related
to the Type II perigee fly-by on 2025-09-03, the same day shown in Figures 3
and 4. During the fly-by the cavity heat-sink temperature rises to 27.9°C at
10:14 UTC, drops by about 4°C to 23.8°C at 10:34 UTC, and then recovers over
the following hours as nominal pointing is restored. The 28 V primary current
shows a coincident excursion, rising from a baseline of 0.296 A to 0.316 A at
10:14 UTC. These perturbations confirm that the fly-by disturbs several house-
keeping parameters of the instrument. The TSI observations recorded during
this time are therefore removed.

C. Comparison with TSIS-1/TIM

The agreement in sensitivity described above in Section 5 does not extend to the
absolute level. Over the first light windows DARA-PROBAS3 lies 1.06 W m ™2 be-
low TSIS-1/TIM, a difference larger than the combined standard uncertainty of
a single cavity. A comparable difference exists between the two reference records
themselves: Montillet et al. (2025) report record-length means of 1361.40 W m—2
for VIRGO/PMOG6 and 1362.48 W m~2 for TSIS-1/TIM, an offset of 1.08 Wm 2 |
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Figure 10. Daily-averaged TSI comparison between DARA-PROBA3 and TSIS-1/TIM over
the full record, 25 February to 10 October 2025. TSIS-1/TIM is offset by —1 W m™2 for visual
clarity; this offset is unrelated to the WRR-to-SI correction applied elsewhere in this work,
since TSIS-1/TIM is already Sl-traceable via the TRF.

DARA-PROBA3 therefore falls on the VIRGO/PMOG side of a difference be-
tween the two records that predates this mission.
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