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6.3 Results per inferred parameter

In this section we attempt to quantify the offsets per parameter and provide recipes, where
possible, to correct the published FLAME parameters (mass, evolution index, age) which relies
on knowing the true metallicity. Each parameter is discussed separately. Additionally, as we
have seen that the offsets are very similar for different simulated error levels, we only show the
results for 0% and 5% errors, and we propose the same recipe for each metallicity to apply to
all errors.

In all of the following figures, we show the parameter from FLAME (y-axis) versus the true
input value (x-axis), colour-coded by a third variable. The nine panels correspond to from top
left to bottom right: [M/H] = +0.06, +0.30, +0.45 (top), –0.20, –0.40, –0.70 (middle), –1.05,
–1.70, –2.20 (lower), the latter three being far outside of the FLAME validity range.

6.3.1 Mass

Figures 18 and 19 compare the input and output masses, colour-coded by evolutionary index.
The main sequence and sub-giant stars are the yellow to orange colours, and the giants are the
deep red to purple. The two figures differ by input errors: 0% and 5% respectively.

Concerning the giants, we can say that for the FLAME masses between 1 and 2 M�, the
results are relatively good for metallicities between –0.40 and +0.45, i.e. they can be used as an
approximation. Below [M/H] = –0.40 it is difficult to quantify the offset.

For the main sequence and sub-giant stars there is a clear agreement with the input data down to
metallicities of even –1.05, although from –0.40 there is a quantifiable offset between the input
and output masses. We can therefore attempt to correct the FLAME published masses, if we
know the metallicities by applying the following linear corrections to the mass:

Mcor =MFLAME − f (MFLAME, [M/H]) (1)

where f(MFLAME, [M/H]) =
∑ 1

i=0 aix
i is a linear function to apply to the published mass,

MFLAME, to derive a corrected massMcor. The coefficients of the linear fit for each [M/H] are
given in Table 6. The function has been evaluated separately for the main sequence (evolution
index < 400) and the sub-giants (evolution index 420 – 490), and the residual of the standard
deviation of the data minus the fit is given under the column s. We note that the median absolute
deviation is always a factor of around 30% smaller than the value of s but we do not report it
here.

We show examples of the residuals of (FLAME – input) versus input masses (colour-coded in
the figures), along with the residuals when including the correction fcor (blue dots) in Fig. 20.
As can be seen, the application of fcor allows one to recover the true input values. We note that
we can not overplot the linear function, because it is evaluated as a function of the FLAME
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FIGURE 20: Residuals ofMFLAME (colour-coded by mass) andMcor (blue), where for the
latter we have applied the proposed functions to correct the masses. Left and right panels are
main sequence and sub-giant stars, respectively. From top to bottom, we show the results for
[M/H] = –0.20, –0.40, –0.70 and –1.70.
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[M/H] true index dispersion observation
evol stage offset 0% – 5%

+0.06 ms 1 – 16
sg 15 – 20
gt 45 – 78

+0.30 ms +25 16 – 16
sg +5 12 – 14
gt –26 40 – 50

+0.45 ms +58 23 – 28
sg +18 13 – 32
gt +16 57 – 80

–0.20 ms –40 1 – 2
sg –27 29 – 49
gt –160 70 – 116 true giants tend to have indices around 500

–0.40 ms –65 22 – 24
sg –32 23 – 42
gt –200 103 – 111 true giants tend to have indices around 500

–0.70 ms –90 22 – 24
sg –46 44 – 52
gt –240 113 – 127 true giants tend to have indices around 500

TABLE 7: Interpretation of the published FLAME evolstage parameter ("index") for metallic-
ities between –0.70 and +0.45.

true [M/H] observation
evol stage
ms –1.05 flat index of 174 ± 47

–1.70 linear increase in index from 300 – 480
–2.20 flat index of 534 ± 43

sg –1.05 flat index of 135 ± 33
–1.70 linear increase in index from 300 – 490
–2.20 flat index of 516 ± 34

gt –1.05 flat index of 118 ± 27
–1.70 linear increase in index from 290 – 490
–2.20 flat index of 513 ± 70

TABLE 8: Interpretation of the published FLAME evolstage parameter ("index") for metallic-
ities < –1.00
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FIGURE 21: Same as Fig. 18 but for the evolution index parameter with 0% errors.

FIGURE 22: Same as Fig. 18 but for the evolution index parameter with 5% errors.
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6.3.3 Age

Now we consider the results for the stellar age of a star. Just as in the previous sections, we show
the results for different metallicities in Figs. 23 and 24, where the colour-code refers to the true
evolution index (giants are dark red to dark purple, main sequence stars are yellow–orange).

The main trends that can be seen are:

• The ages of young main sequence stars can only be recovered or attempted to be
corrected for stars with metallicities of +0.06, +0.30, and +0.45.

• For more evolved main sequence stars and sub-giants, these have the best chances
of being recovered and we discuss this further

• For giants the ages are typically always underestimated, and attempting to correct
them may be possible only for stars with [M/H] between +0.45 and –0.20.

We follow the approach taken to correct the masses and propose a linear fit to improve the ages

τcor = τFLAME − f (τFLAME, [M/H]) (2)

where f(τFLAME, [M/H]) =
∑ 1

i=0 aix
i is a linear function to apply to the published age, τFLAME,

to derive a corrected τcor age. The coefficients of the linear fit for each [M/H] are given in
Table 9. The function has been evaluated for the sub-giants (evolution index between 420 and
490), and the residual of the standard deviation of the data minus the fit is given under the
column s. We can not give a proposed correction to the ages of the main sequence stars nor the
giants because a simple correction is not sufficient.

As can be seen in the figures, by correcting τFLAME, it is possible to recover the input ages, al-
though we still end up with uncertainties on the order of±0.50 Ga. No corrections are proposed
for the super-solar metallicity values.

6.4 Conclusions

In this section we evaluated the validity of the solar-metallicity assumption that we imposed
during operations. We first showed the results of simulations showing the impact on mass, age,
and evolutionary stage for non-solar metallicity models, when inferring the parameters with
solar-metallicity assumptions. We found that around solar metallicity, e.g. between –0.40 and
+0.45, our results are valid, considering the uncertainties, but systematic differences start to be
important beyond –0.50 dex, in particular for the age and evolution index. For masses of main
sequence and sub-giant stars, the offsets can be quantified up to –2.20 dex and thus corrected for.
For the age, only corrections for sub-giants have been suggested, because it was not possible to
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FIGURE 23: Same as Fig. 18 but for the age parameter with 5% errors.

FIGURE 24: Same as Fig. 18 but for the age parameter with 5% errors.
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sub-giants
[M/H] a0 a1 s

+0.00 – – –
+0.30 – – –
+0.45 – – –
–0.20 0.0042181 -0.1914876 0.20
–0.40 0.0797576 -0.3347886 0.28
–0.70 0.2083332 -0.6618318 0.32
–1.05 0.3251517 -1.0439210 0.45
–1.70 0.4839032 -1.7493386 0.33
–2.20 0.8684005 -2.6220880 0.52

TABLE 9: Coefficients of f(τFLAME, [M/H]) to correct the FLAME ages for different metal-
licities for sub-giants.

FIGURE 25: Residuals of τFLAME (colour-coded by mass) and τcor (blue), where for the latter
we have applied the proposed functions to correct the ages. All panels show the results for
sub-giants. From top left to bottom right, we show the results for [M/H] = –0.20, –0.40, –0.70
and –1.70.

derive a simple correction for main sequence and giants. For the evolution index, we propose a
way of interpreting the FLAME results based on the knowledge of an external metallicity. The
proposed corrections to and intepretations of the parameters derived by FLAME are then given
in Tables 6 – 9, if the metallicity of the star is known and is non-solar. We recommend using
these corrections, in particular outside of the –0.50 – +0.50 regime.
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7 Conclusions

In this technical note we validated the results of the mass, age, and evolutionary index parame-
ters presented in Gaia DR3. These products are found in the
gaiadr3.astrophysical_parameters and
gaiadr3.astrophysical_parameters_supp tables, see Table 1.

In Section 4 we showed a comparison of input and output test data for masses and ages and
showed that FLAME performs as it should in the ideal conditions, while imposing the Gaia
DR3 assumptions i.e. solar-metallicity. Reducing the precision to 5% on the input data had the
effect of increasing the resulting offsets between the input and output to 0.7%, 3.8% and 9% for
main sequence, subgiant, and giant stars, respectively.

In Section 5 we compared the performance of FLAME with a published external code, SPInS,
on real Gaia data, and found that the results are identical statistically for main sequence stars.
For the more evolved stars, the best agreements are always found for stars with masses less
than 3 – 4M�, we also validated the statement confirmed with observations in the Gaia DR3
documentation that for giants, that one should only use the results for masses between 1 – 2
M�. This statement is more conservative than the results we showed here.

Finally in Section 6 we explored the impact on the results for stars of non-solar metallicity of
using a solar-metallicity prior. We showed that our results are valid for −0.50 < [M/H] + 0.50,
but even beyond that the masses can still be used. We proposed empirical corrections to make
to the mass and the age of the star based on the FLAME properties and an external knowledge
of the metallicity for main sequence and sub-giants. These corrections are given in Tables 6 –
9.
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FIGURE 26: Long-time large scale stability test performed on all sky masterflats produced
with the B filter during the first three CAHA runs of the Main Campaign. The last sky mas-
terflat produced using frames acquired in run M-006 (06-09-2008) is the reference frame. The
inter-run variation of the sky masterflat frames is clearly visible, as well as the significant
night-by-night shape variations in runs M-001 and M-003.
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FIGURE 27: Long-time 9 areas test performed on all sky masterflat produced with the B filter
during the first three M-runs in Calar Alto. The reference frame is the same of Fig. 26. The
shape of sky masterflats produced during both runs M-001 and M-003 is quite different, and
only run M-006 shows a good stability in its sky masterflats (as shown also in Fig. 26).
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FIGURE 28: Ratio between each sky masterflat produced with the B filter during the first three
M-runs in Calar Alto and the reference one (see Fig. 26). The display cuts are the same for
all images. Also for sky masterflats, the M-001 ones (from image 1 to 4) and the M-003 ones
(the next two images) show a strange and variable structure not present at all in M-006 sky
masterflats.
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FIGURE 29: Stability test for spectroscopic masterflat frames produced during run M-003 for
the blue grism B200 (top plots) and red grism R200 (bottom plots).
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FIGURE 30: Quality Control on masterdark frames of run M-003@CAHA. The mean value
of each masterdark is plotted versus the exposure time. In the bottom panel a zoom is shown
in order to compare the bias level extrapolated from the linear fit (dark green point) with that
measured directly from the masterbias frame (light green point). No masterdark correction is
needed for CAHA data.
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C DoLoRes@TNG Calibration Frames IFP results

C.1 Masterbias

We monitored the bias level and the two-dimensional stability trend during the first seven runs
(P-004, M-002, M-005, M-008, M-009, M-012 and M-015) performed in La Palma (Canary
Island, Spain) using DoLoRes@TNG (see Fig. 31). Between runs P-004 and M-002, a new
CCD was mounted in DoLoRes13: the improvement in the data quality is clearly visible in the
two-dimensional stability trend plot. DoLoRes masterbias are often characterized by bright and
dark horizontal and/or vertical stripes (about ±5 counts from the average) with a pattern that
changes with time (see SMR-001). For this reason, it is strongly recommended not to use bias
taken during one day to correct data acquired during other days of the same run.

FIGURE 31: Long-time trend monitoring of the bias level (left panel) and two-dimensional
structure (right panel) produced using the data acquired with DoLoRes@TNG in the seven
studied runs.

C.2 Photometric Masterflat

DoLoRes@TNG is primarily dedicated to spectroscopy. Photometric skyflats have been ac-
quired, if any14, only during nights in which photometric observations have been performed.

13The original DoLoRes detector, an E2V4240, was replaced with a similar E2V4240 in December 2007.
14Because with TNG it is not possible to acquire skyflats during sunrise, often no flats are available if the

observing mode was switched from spectroscopic to photometric during the night. No domeflats are acquired due
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In Fig. 32 we report the tests performed in order to study the stability of photometric sky mas-
terflat frames (for the B filter) acquired during run M-015. Fortunately, sky masterflats at TNG
seem to be very stable within 0.3%, at least over one run (normally lasting 4-5 nights). So, if
we do not have skyflats for one night, we can safely use those acquired during other nights in
the same run.

In Fig. 33 we show the long-term trend study on the large scale variation performed on filter
B sky masterflat frames produced during runs M-009, M-012 and M-015. The stability of
DoLoRes sky masterflats is very good: the variation in shape is lower than 0.5% over a period
greater than 200 days.

FIGURE 32: Stability tests for sky masterflat frames produced during run M-015 for the B
filter.

The long-time trend of the 9 areas plot for the B sky masterflats produced during the same runs
is shown in Fig. 34: the large errorbars in the B region of all M-015 masterflats are due to a little
but strong “imperfection” present in the reference frame (and also in the M-012 masterflats) but
not in M-015 masterflats (see Fig. 35).

Similar studies and results, both for short and long time trends, performed for filter V and R can
be found in Wiki-Bo.

to the low stability of the halogen lamp (see EP-003).
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FIGURE 33: Long-time large scale stability test performed on all sky masterflats produced
with the B filter during three TNG runs. The sky masterflat produced in the central night of
run M-012 (08-12-2009) is the reference frame. The shape variation of sky masterflats is lower
than 0.5% over a period of about 250 days.

C.3 Spectroscopic Masterflat

In Fig. 36 we report the stability for the spectroscopic masterflat frames produced during runs
M-005 with DoLoRes@TNG. As usual, the monitoring plots for all other runs can be found
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FIGURE 34: Long-time 9 areas test performed on all sky masterflats produced with the B filter
during three TNG runs. The reference frame is the same of Fig. 33. The large errorbars in
the B region of all M-015 masterflats are due to a little but strong “imperfection” present in all
master frames of the previous runs which disappears in M-015 masterflats (see Fig. 35).

in Wiki-Bo. The blue (grism LR-B) spectroscopic masterflats are quite stable, both for the
narrow and the wide slits adopted15 (left and right upper panels in the figure). In the bluer
part of the blue grism (showed in the three left boxes of each blue plot) the difference in shape
between masterflats produced in different nights is∼3-4% in the worst case, due to the low S/N

15Usually, for this instrument, the narrow slit is 2” and the wide slit is 5” (10” from M-009).
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FIGURE 35: Zoom of the little “imperfection” (of about 10×14 pixels) on the reference mas-
terflat used to produce both the 9 areas and the large scale variability plots. On the bottom part
of the figure, a line and a column crossing the imperfection are plotted in order to show the
deep hole produced in the counts: this is the origin of the strong errorbars in the B region of
the 9 areas plot.
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reached in this region. The red spectroscopic masterflats (grism LR-R, left and right bottom
panels) are affected by both fringing and internal reflections (the latter are effectively removed
during the pre-reduction, see GCC-001). The fringing pattern appears to be quite stable, but we
recommend to be careful in using grism LR-R masterflats produced for one night to pre-reduce
spectra acquired in other nights.

FIGURE 36: Stability test for spectroscopic masterflat frames produced during run M-005 for
the blue grism LR-B (upper plots) and red grism LR-R (bottom plots).
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C.4 Wavelength Lamp Flexures

We performed a test to measure the DoLoRes lamp flexures on 31 January 2008, when the
instrument was equipped with three separate calibration lamps (He, Ne, Ar) that could not be
switched on simultaneously, and the procedure to obtain an high signal-to-noise ratio calibration
lamps for each single star was very time consuming (about 20 minutes). The time-consuming
problem of acquiring a set of good S/N wavelength calibration arcs for each single observed
star could be solved by acquiring a large number of lamps with high S/N during day time, and
only one arc with lower S/N after each scientific spectrum. This solution is viable only if the
high S/N calibration spectrum can be easily shifted to the wavelengths of the lamp acquired for
each star by applying a simple linear shift, as explained in GCC-001. Presently, a new set of
lamps is available for DoLoRes (He, Ar, Ne+Hg and Kr). All these lamps can now be switched
on at the same time.

For the measurements, we used the LR-R grism, the 2” slit and the Ar lamp. Triplets of arc
frames were acquired at different positions of the derotator, covering a complete derotator circle:
from -260 up to + 100 degrees in steps of 10 degrees forward, and from +95 up to -255 degrees
in steps of 10 degrees backwards. This way, the derotator performed a complete circle in steps
of 10 degrees each. The median of the three acquired lamp frames was calculated for each
derotator position and corrected for the overscan. The lines used for the test are shown in Fig.
37.

800 1000 1200 1400 1600 1800 2000

0

pixel

FIGURE 37: Lines used to measure lamp flexures, obtained with Ar lamp, slit 2” and grism
LR-R. The line labelled in green is a blend not used for the test.
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FIGURE 38: Displacement of different lines from their mean position (in pixel) versus dero-
tator angle (green points). Each panel corresponds to a different emission line from Fig. 37.
The blue line in each panel is the fit of the green points.
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The position of lines as a function of the derotator angle are characterized by a quasi-sinusoidal
trend, as shown in Fig. 38. Taking one lamp as a reference, we can estimate the shift that we
need to apply to each line of all the other lamps to align them to the reference lamp. If the shift
is perfectly rigid one would expect to measure, for each derotator position, the same shift in
the position of each observed line, with respect to the reference lamp spectrum. In practice, the
error on the position of each line, estimated with a gaussian fit, is quite large. For this reason,
an average shift was estimated for each lamp by calculating the mean on the shift measured
for each line. The reference spectrum obtained during day time can now be properly compared
with the calibration spectra (acquired during night time for each observed star), by applying this
average shift. The uncertainty resulting from this method is typically larger in the external parts
of the spectrum and smaller in the central parts as shown in Fig. 39. This is probably due to a
small non linearity of the dispersion relation. In any case, this uncertainty is small enough if
compared with the typical error of the wavelength calibration (in particular if a 2” slit is used,
as in our case).

As a result of this test, our observing (EP-006) and spectra pre-reduction (GCC-001) protocols
foresee the use of one arc observed close to the target during night-time in order to shift (if
necessary) the solution found with the calibrations arcs taken in day time.

pixel
1000 1500 2000

0

0.02

0.04

0.06

0.08

0.1

FIGURE 39: Uncertainty in lines positions (see text).

Technical Note 54



CU5-DU13
Instrument Familiarization Plan II
GAIA-C5-TN-OABO-SMR-002

C.5 Masterdark

The check on the linear growth of masterdark frames with exposure time is shown in Fig. 40
using data acquired during run M-005. Only one example is shown here: other dark sequences
were taken during this and other runs, and their analysis is available in Wiki-Bo. With increasing
exposure time, the DoLoRes dark frames remain stable and close to the bias level. No dark
correction is therefore necessary for scientific data. We suggest to repeat the test once every
year in order to monitor the dark current behaviour.

FIGURE 40: Growth plots of masterdark frames of run M-005@TNG. The mean value of each
masterdark is plotted versus exposure time. In the bottom panel of the plot, a zoom is shown
in order to compare the bias level extrapolated from the linear fit (dark green point) with that
measured directly from the masterbias frame (light green point). No masterdark correction is
needed for TNG data.
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D EFOSC2@NTT Calibration Frames IFP results

D.1 Masterbias

In Fig. 41 and Fig. 42 we reported the bias level and the two-dimensional stability trend dur-
ing the first two runs (M-007 and M-010) performed in La Silla (Chile) using EFOSC2@NTT,
for both the photometric and spectroscopic binning factors. The two-dimensional stability of
masterbias is very good for both binnings, but the long-term study of bias level shows an os-
cillating trend in the spectroscopic 2 × 2 binning, probably due to problems with electronics
when the CCD is used applying this binning factor. Probably, the problem could be solved if
overscan correction could be applied: unfortunately the overscan section is very irregular and it
is impossible to select a reliable overscan section (see SMR-001).

We recommend not to use the masterbias produced for spectroscopy (binning 2x2) during one
day to pre-reduce data acquired during other days of the same run.

FIGURE 41: Long-time trend of the bias level produced using data acquired with
EFOSC2@NTT during runs M-007 and M-010.
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FIGURE 42: Long-time trend of the two-dimensional structure stability produced using the
data acquired with EFOSC2@NTT during runs M-007 and M-010.

D.2 Photometric Masterflat

We show, as an example, the tests performed in order to study the short-term stability of pho-
tometric flats (for the B filters) for both dome and sky masterflat produced during run M-010b
(see Fig. 43). As usual, the short-term monitoring plots for all runs and filters can be found in
Wiki-Bo. In all filters, both dome and sky masterflats appear to be very stable, showing diffe-
rences in shape lower than '0.4% for skyflats and lower than '0.3% for domeflats. So, if we
do not have flat frames (dome or sky) for a particular night, we can safely use those acquired
during other nights in the same run.

In Fig. 44 and 46 we show the long-term trend study on the large scale variation performed on
filter B dome and sky masterflats respectively, produced during runs M-007 and M-010. The
stability of EFOSC2 dome and sky masterflats is good: in both cases, the variation in shape is
lower than 0.7% over a period greater than 250 days. The long-time trend of the 9 areas plot
for the B dome and sky masterflats produced during the same runs are shown in Fig. 45 and 47,
respectively. In the EFOSC2 CCD, the overscan section is very irregular and it is impossible
to select a reliable overscan section (see SMR-001): a little portion of the overscan section still
remains in the upper left corner of the CCD also after the trimming16. As shown in Fig. 48, the
intensity of this region is variable (but remains quite stable in each single run), and produces
the large errorbars in the A window of the 9 areas plots. Similar studies for the long-time trend
performed for filter V and R can be found in Wiki-Bo.

16Due to both the position and the shape of this “bad” CCD region, the trimming section was chosen in order to
preserve the greatest possible portion of CCD.
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FIGURE 43: Short-term stability plots (see SMR-001) for dome (upper panels) and sky (bot-
tom panels) masterflat frames produced during run M-010b using the B filter. The monitoring
plots for all others runs and filters can be found in Wiki-Bo.
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FIGURE 44: Long-time large scale stability test performed on all dome masterflats produced
with the B filter during two NTT runs. The dome masterflat produced in the central night of
run M-010a (07-04-2009) is the reference frame. The variations of dome masterflats are lower
than 0.7% over a period of about 280 days.
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FIGURE 45: Long-time 9 areas test performed on all dome masterflats produced with the B
filter during the first two NTT runs. The reference frame is the same of Fig. 44. The huge
errorbars in the A region of all masterflats (more evident for the M-010b ones) are due to a
little portion of the very irregular overscan section of the CCD which survives to the trimming
procedure (see Fig. 48).
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FIGURE 46: Long-time large scale stability test performed on all sky masterflats produced
with the B filter during the first two NTT runs. The sky masterflat produced in the central night
of run M-010a (07-04-2009) is the reference frame. Also for sky masterflats, the variation in
shape is lower than 0.7% over a period of about 280 days.
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FIGURE 47: Long-time 9 areas test performed on all sky masterflats produced with the B
filter during the first two NTT runs. The reference frame is the same of Fig. 46. Also in this
case, the huge errorbars in the A region of all masterflats are due to a little portion of the very
irregular overscan section of the CCD which survives to the trimming procedure.
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FIGURE 48: Ratio between three different dome masterflats (in the left panel the dome master-
flat produced for the last night of run M-007, in the central panel the dome masterflat produced
for the last night of run M-010a, and in the right panel the dome masterflat produced for the
first night of the run M-010b) and the reference one. The display cuts are the same for all the
images (z1=0.98 and z2=1.02). The upper left corner of the CCD shows the little portion of
the overscan region which is responsible of the large errorbars in the A region of the 9 areas
plots.

D.3 Spectroscopic Masterflat

We monitored the stability of the spectroscopic masterflat frames produced during run M-007
(Fig. 49 and 50). The blue spectroscopic masterflat frames (grism G11) are quite stable, both
for the narrow and the wide slits adopted17 (top and bottom panels in the Fig. 49 respectively).
In the bluest part of the blue grism (showed in the three lower boxes of each plot) the difference
in shape between masterflats produced in different nights is '2-3% in the worst case (ignoring
the deviant point in the central lower region of the first plot), caused by the low S/N usually
reached in this region.

The NTT staff recommends to acquire lamp flats in the red grism (G16) for each star spectrum.
The masterflats produced for each observed star during 2008-11-30 are shown in Fig. 50 (for
both the narrow and wide slits) and are labelled with the proper star ID. The red spectroscopic
masterflat frames are strongly affected by fringing: the effect is clearly visible and appears
unstable in flats acquired with the narrow slit (points affected by large errors). The fringing
pattern in spectroscopic flats acquired using the wide slit is much more stable, as reflected
by the smaller errorbars. We agree with the NTT staff on the need of acquiring flats frames
(red grism) for each observed star spectrum, in particular when using the narrow slit. We thus
recommend to acquire spectroscopic flat frames for each setup during the afternoon. Just after
each star spectrum, it is mandatory to acquire lamp flats using the red grism and the narrow slit
setup. For safety, we also recommend to acquire flat frames using the red grism and the wide
slit setup because sometimes and with random frequency flat fields can be significantly unstable
(see, for example, the first 2 points in the bottom plot of Fig. 50)

17Usually, for this instrument, the narrow slit is 1.5” and the wide slit is 10”.
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FIGURE 49: Stability test for spectroscopic masterflat frames produced during run M-007 for
the blue grism G11. In all plots, the “b” label following the day number indicates masterflats
produced using flat frames acquired by the NTT staff during the day.
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FIGURE 50: Stability test for Spectroscopic masterflat frames produced during run M-007 for
the red grism G16. In all plots, the “b” label following the day number indicates masterflats
produced using flat frames acquired by the NTT staff during the day. The masterflats produced
for each observed star during 2008-11-30 are also reported.
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D.4 Masterdark

The linear growth of masterdark frames counts with exposure time is shown in Fig. 51, built
with data acquired during run M-007. There is no difference in counts between masterdark
frames produced with increasing exposure times, and therefore no dark correction is needed for
scientific data. We suggest to repeat the test once for year in order to monitor the dark current
behaviour.

FIGURE 51: Quality control on masterdark frames of run M-007@NTT for the 2x2 binning
factor. The mean value of each masterdark is plotted versus exposure time. In the bottom
panel of the plot, a zoom is shown in order to compare the bias level extrapolated from the
linear fit (dark green point) with that measured directly from the masterbias frame (light green
point). Similar plots for other runs and for the 1x1 binning factor can be found in Wik-iBo.
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E LaRuca@SPM1.5m Calibration Frames IFP results

E.1 Masterbias

We monitored the bias level and the two-dimensional stability trend during all runs performed
in San Pedro Mártir (Mexico) using LaRuca mounted at the 1.5m Telescope (Fig. 52 and 53).

FIGURE 52: Long-time trend of the bias level of all the masterbias produced during the SPM
campaigns using different CCDs. All the CCD changes are shown in the plot. ESOPO and
SITE4 points are arbitrary shifted (see text) to match the ADU scale of the other CCDs.
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FIGURE 53: Long-time trend of the two-dimensional structure of all the masterbias produced
during the SPM campaigns using different CCDs (see text). All the CCD changes are shown
in the plot.

Five different CCDs were used with LaRuca. In October 2009, the SITE1 CCD was replaced
for three night by the ESOPO CCD and then by a new Marconi1 CCD. This last CCD was used
until the end of December 2010 (run V-020). In the next SPM run (V-023) two different CCDs
were used: in the first part the Marconi2 CCD, and in the second part the SITE4 CCD. Because
the ESOPO and the SITE4 CCD do not have any overscan strip, their bias level is very different
from that of the other CCDs (which is computed after overscan correction). In order to show all
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masterbias frames on the same scale, preserving their intensity trend with time, we subtract an
arbitrary constant value to masterbias produced using ESOPO and SITE4 CCD.

For all CCDs used with LaRuca, the masterbias frames appear to be quite stable in shape, but
often not so stable in the absolute global level. For this reason, at least when using the SITE1,
SITE4 and ESOPO CCDs, we recommend not to use masterbias produced during one night to
pre-reduce data acquired during other nights. This recommendation becomes less rigid when
the Marconi1 or the Marconi2 CCDs are used, because their bias level is much more stable in
time.

E.2 Photometric Masterflat

The tests performed in order to study the short-term stability of photometric skyflats, are de-
scribed in SMR-001 and can be found in Wiki-Bo. An example for the B filter is shown in
Fig. 54 and 55: the first one is produced using data acquired during runs V-006b (SITE1 CCD)
and V-016b (Marconi1 CCD), and the last using data acquired during runs V-023a (Marconi2
CCD) and V-023b (SITE4 CCD).

In all filters, the sky masterflats are quite stable, showing differences in shape of about 1-2%
(depending on the filter) during one run, but the masterflat frames behaviour vary from run to
run. For these reasons we recommend to acquire photometric flat frames every night, and to
use masterflats produced in one night to pre-reduce images acquired in other nights only when
this is the only option. In this case, since the masterflat behaviour for each run is normally quite
similar in all filters, both the LargeScaleVariability and the 9areas plots can be useful to decide
which masterflat of adjacent nights is better to use in the pre-reduction process.

In Fig. 56 we show the long-time trend study on the large scale variation performed using
B filter sky masterflats produced during all SPM runs. Owing to the multiple CCD changes
during the SPM campaigns, we choose one reference frame for each CCD. The sky masterflat
produced using frames acquired in the last night of run V-013a is the reference frame for all
masterflats produced using the old SITE1 CCD. During run V-013b two different CCDs were
used with LaRuca (ESOPO, only for three nights, and Marconi1): for both CCDs, we use as
reference frame the masterflat produced in the first night in which each CCD was mounted.
Also for Marconi2 and SITE4 CCDs, mounted during the first and the second part of run V-023
respectively, the first masterflat produced using each CCD is used as reference frame. The long-
time trend of the 9 areas plot for the B sky masterflats produced during the same runs is shown
in Fig. 57. The inter-run variation of the sky masterflat frames is clearly visible for all CCDs,
as well as the night-by-night shape variation present in all runs. Similar studies (and similar
results) for the long time trend performed for filter V and R can be found in Wiki-Bo.
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FIGURE 54: Stability tests for sky masterflat frames (B band) produced during run V-006b
using the SITE1 CCD (top panels) and during run V016b using the Marconi1 CCD (bottom
panels).
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FIGURE 55: Stability tests for sky masterflat frames (B band) produced during run V-023a (top
panels) and V-023b (bottom panels) using the Marconi2 CCDand the SITE4 CCD respectively.
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FIGURE 56: Long-time Large Scale Stability test performed on all sky masterflats produced
with the B filter during all runs performed with LaRuca@SPM1.5 using different CCDs. Ow-
ing to the CCD changes, one reference frame for each CCDs has been chosen (see text). The
inter-run variation of the sky masterflat frames is clearly visible for all CCDs, as well as the
night-by-night shape variation.
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FIGURE 57: Long-time 9 areas test performed on all sky masterflat produced with the B filter
during all runs performed with LaRuca@SPM1.5 using different CCDs. The reference frames
for each CCDs used are the same of Fig. 56.

E.3 Masterdark

The check on the linear growth of Masterdark frames with exposure time was performed for all
CCDs used with LaRuca, except for the SITE4 CCD because no darks were acquired during run
V-023b. The test is shown in Fig. 58 using SITE1 data acquired during run V-003 and ESOPO
data from run V-013. The same study, performed on darks acquired using the Marconi1 CCD
(run V-020) and Marconi2 CCD (run V-023), can be found in Fig. 59 . For all used CCDs, there
is no evident difference in counts between masterdark frames produced with increasing expo-
sure times, and no dark correction is needed for scientific data. As usual, only few examples are
shown here: other dark sequences were taken during SPM runs, and their analysis is available
in Wiki-Bo.
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FIGURE 58: Quality control on masterdark frames of run V-003 and V-013@SPM1.5 pro-
duced using the SITE1 (upper plot) and the ESOPO CCD (bottom plot) respectively. The
mean value of each masterdark is plotted versus exposure time. In the bottom panel of each
plot, a zoom is shown in order to compare the bias level extrapolated from the linear fit (dark
green point) with that measured directly from the masterbias frame (light green point).
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FIGURE 59: Quality control on masterdark frames of run V-020 and V-023@SPM1.5 pro-
duced using the new Marconi1 (upper plot) and the Marconi2 CCD (bottom plot) respectively.
The mean value of each masterdark is plotted versus exposure time. In the bottom panel of
each plot, a zoom is shown in order to compare the bias level extrapolated from the linear fit
(dark green point) with that measured directly from the masterbias frame (light green point).
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F ROSS@REM Calibration Frames IFP results

F.1 Masterbias

No bias frames are acquired for ROSS, beacuse the bias level and pattern is already included in
dark frames (see EP-003).

F.2 Masterflat

Since we do not apply any masterflat correction to data acquired with ROSS@REM in our
pre-reduction pipeline (owing to the light concentration problem, see SMR-004), we did not
perform any study of the stability of these calibration frames.

F.3 Masterdark

Monthly Masterdark frames are produced by the REM team for exposure times of 1, 2, 3, 4,
5, 10, 15, 20, 30, 40, 60, 120, 240, 300 seconds. From our experience, we found that 180
seconds is a suitable exposure time for most of our targets, while 60 seconds are enough for
the brightest targets (V≤10.5, see EP-003). The REM team does not produce routinely any 180
seconds monthly masterdark, so they have to be produced from 120 and 240 seconds darks, as
explained in SMR-001.

We report, in Fig.60 and Fig. 61, the dark level (left panels) and the two-dimensional stability
trends (right panels) for the 60 sec and 180 sec masterdarks respectively, acquired and produced
during the first three REM runs (V-001, V-004 and V-007). Masterdark frames, for both expo-
sure times, are very stable in shape, but the counts level shows seasonal changes. Therefore,
our pre-reduction protocol (SMR-001) foresees the use of the closest available masterdark.

As an example, we show in Fig.62 the check on the linear growth of masterdark frames with
exposure time for masterdark produced in July 2008 (run V-004). As usual, all tests performed
on ROSS@REM masterdarks can be found in Wiki-Bo.
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FIGURE 60: Long-time trend of the 60 sec dark level (left panel) and two-dimensional struc-
ture (right panel) produced using data acquired with ROSS@REM in the first three runs.

FIGURE 61: Long-time trend of the 180 sec dark level (left panel) and two-dimensional struc-
ture (right panel) produced using data acquired with ROSS@REM in the first three runs.
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FIGURE 62: Quality Control on monthly masterdark frames produced by the REM team. The
mean value of the July 2007 (run V-001) and July 2008 (run V-004) masterdark is plotted
versus exposure time. In the bottom panel of each plot, the bias level extrapolated from the
linear fit is reported.
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