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ABSTRACT
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1. Introduction
[...]

The SPIRE FTS allows to take observations in three reso-
lution modes: HR (high resolution; 0.04 cm™), LR (low reso-
lution; 1.0 cm‘l), and H+LR (high resolution scans, followed
by low resolution ones). The comparison between the high-
resolution and the low-resolution spectra of H+LR observations
(from now on, H+LR(H) and H+LR(L), respectively) produced
by the standard calibration pipeline of HIPE v11 (reference) re-
veals the existence of significant discrepancies. Looking at sev-
eral H+LR observations it appears that, independently of the ob-
served target, this discrepancy — which strongly affects the low-
frequency arrays — has a systematic nature; some examples of
H+LR(H) and H+LR(L) spectra are shown in Fig. 1, while their
differences are shown in Fig. 2. The observed discrepancy al-
ways appears like a double bump, with peaks around 550 and
900 GHz.

In the following, the results of a thorough analysis of the
problem will be presented; we will focus our attention on the
centre detector of the low-frequency array SLWC3. The standard
calibration pipeline will be described in Sec. 2, the main results
of the comparison of dark sky observations in Sec. 3, a possible
analogy with the procedure for the correction of the telescope
model in Sec. 4, the analysis of the spectra on a scan-by-scan
level in Sec. 5; the open issues and final remarks will be dis-
cussed in Sec. 6 and 7, respectively.

2. The standard calibration pipeline

The main issue in approaching the analysis of data taken in dif-
ferent resolution modes is — at which stage of the data calibra-
tion does it make sense to compare the data? A proper answer
requires a brief introduction to the standard calibration pipeline.
Together with the source signal, the telescope and instrument
emissions provide the main contributions to the uncalibrated
spectra. These can be expressed in terms of voltage density as

V1 (v) = Mrei(V)R1e1 (v) (1)
Send offprint requests to: N. Marchili

20— T :
ObsID 0x50008CFE

N1333-IRAS4_int |

PR SR R TR
Tttt

T
r ObsID 0x50012B93 1
10 \ e
L 1 ,
ﬂ/”u' d_/_,_/—/ i

0 7*"!

3 MGE_3448 -
[ PR "
500 1000

10

|

Flux Density [ Jy ]

Dark sky

L L Ll L

1500 500 1000 1500 >
v[GHz]

Fig.1. Some examples of H+LR observations. In green and violet,

the low-resolution spectra from detectors SLWC3 and SSWDA4, respec-

tively; in black and turquoise, the high-resolution ones.
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Fig.2. The difference between the high-resolution and the low-
resolution spectra shown in Fig. 1.

and
Vinst(V) = Mingt(V)Rinsi(v) )
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where M. (v) and My(v) are the telescope and instrument
models (see ... reference), and Ry (v) and Ry (v) the telescope
and instrument relative spectral response functions (RSRFs), re-
spectively.

Note that the RSRFs for HR and LR spectra in the standard
pipeline are different — their estimation is performed through a
procedure that aims at minimizing the residual noise in dark sky
observations, for which the telescope and the instrument should
provide the only contributions to the spectra. Before HIPE 9,
LR calibration was calculated using the low resolution portion
of calibration resolution (CR) and HR dark sky observations.
This method, however, was not optimal for LR observations, be-
cause of the large systematic residuals in the calibrated spec-
tra. For the later versions of HIPE, the calibration of LR spec-
tra has been carried out using a new set of response functions,
based on LR dark sky observations. The HR RSRFs, instead,
have been calculated by considering HR dark sky observations.
Consequently, even assuming that two observations in different
resolution modes are taken in the same conditions, i.e. with equal
telescope and instrument temperatures, the corrections applied
to the respective spectra are different. This leads to a remark-
able complication: the uncalibrated HR and LR spectra may not
be identical because, even when taken within a very short time
interval, the instrument emission may be significantly different
for the two. The calibrated spectra, on the other hand, depend on
M1 (v), Mins(v), Rrei(v), and Ryyg(v), which change from ver-
sion to version of HIPE; moreover, comparing the final spectra
does not help to understand the origin of the detected discrep-
ancy.

This issue has been overcome by comparing the high-
resolution and low-resolution spectra at every step of the data
calibration procedure. It is observed that the difference between
the H+LR(H) and H+LR(L) uncalibrated spectra is marginal,
implying that the observed discrepancy is introduced in the spec-
tra during the calibration procedure. It also appears that HR un-
calibrated spectra are consistent with both H+LR(H) and
H+LR(L) spectra, while the LR ones are systematically dif-
ferent from all the others (see upper panel of Fig. 3). In the
difference between LR and H+LR(L) (black line), it is possible
to recognize the double bump already seen in Fig. 2.

It can be inferred that, while the Ry, (v) function imple-
mented in the pipeline is very efficient in the calibration of
LR spectra, it introduces a systematic bias in the calibration
of the H+LR(L) spectra. Significant discrepancies between LR
and H+LR data concern not only the uncalibrated spectra, but
also interferograms (see lower panel of Fig. 3), and Spectrometer
Detector Timelines (SDTs).

3. Comparison of dark sky observations

A fundamental issue must be addressed for investigating the ori-
gin of the problem: is the difference between HR/H+LR and LR
spectra a constant or does it depend on some parameters, such
as, e.g., time, instrument temperature, or telescope temperature?
The differences calculated from different pairs of observations
(as it will be shown in detail below) are not identical to each
other. Partially the observed variations are due to random noise,
partially due to other causes that have nothing to do with the
resolution modes in which the observations were taken. Beside
these two contributions, there might be also variations that have
to do with the resolution mode, and therefore might be useful to
understand the mechanism that causes the discrepancy.

In the following, we will calculate the differences between
spectra for specific pairs of observations; these differences
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Fig. 3. Upper panel: an example of the differences between the uncali-
brated spectra obtained at different resolution modes. Lower panel: the
differences seen in the interferograms.

will be referred to as dpr-Lr (ObsIDyr/H+1r, ObsIDLR), where
ObsID stands for the identification numbers of the observations.
The systematic difference between HR/H+LR and LR spectra,
intended as an ideal difference between spectra observed si-
multaneously and freed from noise and resolution-independent
sources of radiation, will be referred to as Syr_LR-

The difference dyr-Lr has been calculated for a set of quasi-
simultaneous dark sky observations performed at different reso-
lution modes. Given the low number of H+LR observations and
the similarity between H+LR and HR data, we focused on the
comparison between HR and LR dark sky observations. Note
that HR observations can be calibrated as if they were taken in
low-resolution mode, by cutting HR interferograms at the same
optical path difference as LR ones. Most of the LR dark sky ob-
servations acquired by the SPIRE FTS are concentrated within
the time span between the Observational Days (OD) 1079 and
1433. Before OD 1079, dark sky observations were generally
taken in calibration resolution (CR) mode, which is analogous to
the HR mode. For the present analysis, we focused on a sample
of dark sky observations between OD 1079 and OD 1325. The
identification numbers of these observations are listed in Table
1.

From the comparison of the uncalibrated spectra (see Fig.
4), it is easy to recognize the double bump that has been iden-
tified as the signature of the discrepancy between HR and LR
data. Unfortunately, it is also evident that there is a large spread
in the plotted lines, caused by the significant differences in the
instrument emissions measured between the LR and the quasi-
simultaneous HR observation !. Again, there seems to be no sat-
isfying way to address the problem: in order to isolate the sys-
tematic part of the discrepancy from possible contamination in-
troduced by the instrument and telescope corrections, it would
seem reasonable to look at uncalibrated spectra. On the other
hand, the differences in the instrument emission between con-
secutive observations are such that, without instrument correc-

! Why this large discrepancy, while almost no difference is seen be-
tween H+LR(H) and H+LR(L), as stated in the previous section? It is
the order in which the observations are taken that matters. LR observa-
tions are almost always taken before HR ones, while, in H+LR observa-
tions, the low-resolution scans always follow the high-resolution ones.
This point will be further considered later on.
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Table 1. Set of dark sky observations used for the present analysis. In
Col. 1 we reported the observational day; in Col. 2 and 3 the identifi-
cation number of the LR and the quasi-simultaneous HR observation,

respectively.

OD ObSIDLR ObSIDHR
1079  0x50010904 0x50010905
1098  0x50010BDC  0x50010BDD
1111 0x50010D74  0x50010D75
1125  0x50011047 0x50011048
1130  0x500110C4 0x500110C5
1144 0x50011296 0x50011297
1150  0x50011348 0x50011349
1160  0x5001152A 0x5001152B
1177 0x5001186B 0x5001186C
1186  0x500119ED  0x500119EE
1207  0x50011E15 0x50011E16
1262 0x50012B95 0x50012B9%4
1283 0x500130A4  0x500130A5
1291  0x500133D5  0x500133DB
1291  0x500133D6  0x500133DB
1291  0x500133D8  0x500133DB
1298  0x500134ES8 0x500134E9
1313 0x500138B6 0x500138B7
1325  0x50013B0O0  0x50013B01

tion, dgr-Lr can still not be properly evaluated. The similarity
between the spectra obtained after the instrument correction (see
Fig. 5) suggests that the latter approach leads to a better estimate
of OHR-LR-

The modest fluctuations among the dyr-pr curves obtained
at different ODs seem to indicate that, at least in first approxima-
tion, the discrepancy between LR and HR/H+LR spectra can be
regarded as constant in time. This hypothesis has been tested by
developing a calibration procedure which adds to the two stan-
dard contributions, from the telescope and the instrument, a third
one which does not depend on time (and therefore neither on
temperature); the three parameters of this new model are calcu-
lated simultaneously.

3.1. Three-parameter model for the calibration of the data

The measured voltage density V; for a dark sky observation i has
been expressed as

Vi(v) = MTeI(V)RTeI/(V) + Mlnst(V)RInst/(V) + f(). 3)

For each of the observations in Table 1, the variables V;(v),
Mt (v), and My, (v) are known. Given the 19 LR (17 HR) ob-
servations at our disposal, for each frequency a system of 19 (17)
equations with three unknowns can be build to calculate the best-
fit parameters for LR (HR) data. Since the systems are overdeter-
mined, a least-square fitting algorithm is used to simultaneously
estimate Rye)’(v), Rinst’(v), and f(v). The results are plotted in
Fig. 6

The differences between the best fit parameters for LR
and HR data are not limited to f(v). Similarly to the stan-
dard pipeline, we find that when using a three-parameter model
the RSRFs at different resolution modes are not consistent
among each other. In Fig. 7, the differences between the con-
tributions at different resolution modes provided by each of the
three components on the right-hand side of Eq. 3 are shown.
Remarkably, the difference on f(v) shows the same double bump
as seen in ogr-Lr, With an amplitude that is one order of mag-
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Fig. 4. Difference between quasi-simultaneous LR and HR spectra. The
relatively large spread between the lines is caused by the uncorrected

instrument emission.
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Fig. 5. Difference between quasi-simultaneous LR and HR spectra, after
applying the instrument correction.
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Fig. 6. The best fit RSRFs (left panel) and the f(v) parameter (right
panel) estimated from the 19 LR and 17 HR dark sky observations in
Table 1. The HR spectra utilized for calculating the parameters have
been produced in low-resolution mode using the specific option in the
data reduction pipeline.

nitude higher; large part of this contribution is cancelled out by
the opposite behavior of the telescope correction.

This result has two important consequences: i) we regarded
OHR-LR as a constant, but this assumption is correct only in first
approximation; the discrepancies in the response functions at
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Fig. 8. The temporal evolution of dyr_1 r(ObsIDyg, ObsID; r) at three
different frequencies: 524 GHz (black dots), 712 GHz (red squares),
and 884 GHz (green dots).

different resolutions imply that the amplitude of the discrepancy
must depend on the instrument and telescope temperatures. ii)
The existence of dyr-rr cannot be attributed to systematically
wrong estimates of the telescope or instrument temperatures, be-
cause no systematic temperature variation could mimic a differ-
ence in the RSRFs.

Both conclusions are evident from Fig. 8, where the differ-
ences ogr-Lr(ObsIDygr, ObsIDy r) at frequencies of 524 and 884
GHz (black and green dots) — close to the local maxima of the
discrepancy —, are compared with the ones at 712 GHz (red
squares) — around the minimum of the discrepancy — for the
sets of observations in Table 1. While the variations at 524 and
884 GHz show correlated trends, the pattern followed by the
variations at 712 GHz is approximately antithetical. Therefore
the variations of dyr- r(ObsIDyg, ObsIDy ) are proportional to
OHrR-LR, Which means that the variability is intrinsic to dyr_LRr-
Also, it would not be possible to simultaneously correct for the
variations at 524, 712, and 884 GHz by modifying the telescope
or the instrument model, as it would cause coherent signal vari-
ations at all frequencies.

Table 2. Dark sky observations carried out in OD 1291 (Col. 1), with
their resolution modes (Col. 2) and number of repetitions (Col. 3).

Obsid Resolution mode  Reps
0x500133D5 LR 20
0x500133D6 LR 20
0x500133D7 HR 5
0x500133D8 LR 20
0x500133D9 H+LR 25
0x500133DB HR 70

3.2. Dark sky observations in OD 1291

A difference between the response functions at low and high res-
olution implies that the same radiation from the instrument or
the telescope produces different contributions to the LR and HR
spectra. This would point toward a different sensitivity of the me-
chanics or the optics to the resolution mode, which seems quite
unlikely. Some interesting indications are provided by a set of
dark sky observations carried out in OD 1291, performed in LR,
HR, and H+LR resolution modes (see Table 2).

Given the short time interval between the observations, the
telescope contribution to the flux is expected to be approximately
constant. The difference between instrument corrected spectra of
all the observations from 0x500133D5 to 0x500133D9 and the
one of obsid 0x500133DB are plotted in the lower panel of Fig.
9.

Several points deserve to be noted:

— depending on the temporal sequence in which they are ob-
served, distinct HR and LR spectra are sometimes per-
fectly compatible among each other (see the spectra for
obsids 0x500133D7 and 0x500133D8); this is consistent
with the negligible differences seen between H+LR(H) and
H+LR(L);

— the differences among high-resolution spectra can be similar
in shape and comparable in amplitude to dyr-Lg, as the sub-
traction of the high-resolution spectra of obsid 0x500133DB
from the ones of obsids 0x500133D7 and 0x500133D9
shows;

— low resolution spectra show important variations from one
observation to another.

All these arguments point towards excluding that the reso-
Iution mode is the direct cause of the problem. The differences
with respect to the 0x500133DB spectrum are all characterized
by the typical double bump of dyr-rr, but the amplitude of the
effect varies considerably. Inspecting the housekeeping products
for this set of observations, most of the parameters seem to show
very mild variations with time (above all, the telescope model).
Fast variability can instead be detected in the instrument temper-
ature. Looking at its behaviour during the data acquisition (upper
panel of Fig. 9), it is hard to find a unequivocal pattern: 1) Most of
the spectra seem to gradually tend toward a decreasing difference
with respect to the 0x500133DB one, which could suggest a time
dependence of the amplitude of the effect; however, the transi-
tion from obsid 0x500133D5 to 0x500133D6 seems to go in the
opposite direction. ii) Obsid 0x500133D6 is characterized by a
positive temperature gradient and a larger departure from ob-
sid 0x500133DB, while the low-resolution spectra 0x500133D8
and 0x500133D9 by negative temperature gradients and pro-
portionally smaller discrepancies from obsid 0x500133DB. A
correlation between gradients and amplitude of the effect, how-
ever, could apply only to low-resolution data, because the high-
resolution observations 0x500133D8 and 0x500133D9 seem to
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Fig.9. Upper panel: The variation of the instrument temperature,
measured by one of the dedicated sensors, during the observations
in OD 1291. Lower panel: the spectra of the observations from
0x500133D5 to 0x500133D9, after subtracting the spectrum of obser-
vation 0x500133DB.

contradict it. iii) The most evident distinction between obser-
vation 0x500133DB and all the others is the number of rep-
etitions and the duration of the data acquisition. While the 70
repetitions that the former comprises allow the instrument tem-
perature to reach an approximately constant value, observations
from 0x500133D6 to 0x500133D9 show strong temperature gra-
dients; this does not apply to obsid 0x500133DS5, which is short,
but does not show important instrument temperature variations.
In summary, the discrepancies among the spectra are not
connected to the instrument temperature in a straightfor-
ward way; the number of repetitions of the observations
seems to have a significant influence on the measured flux
densities.

4. A link to the telescope model correction?

The hypothesis of a relationship between number of repetitions
of an observation and the amplitude of the discrepancy with re-
spect to an average HR spectrum is particularly interesting when
confronted with the result of an independent study about the cal-
ibration of the SPIRE FTS data, namely the telescope model cor-
rection (Hopwood et al. 2013). This study, which takes into ac-
count high-resolution spectra, demonstrates the significant im-
provement of the calibration results after multiplying the tele-
scope model by a time-dependent factor; it is hypothesized that
the correction is required because of an extra-emission caused
by dust on the surface of the telescope. It is also shown that the
correction factor changes according to the number of repetitions
of the observation: observations with < 20 repetitions require
a higher correction factor than those with > 20 repetitions (see
Fig. 5 and 6 in Hopwood et al. 2013). The authors hypothesize
that this difference is caused by a higher than average observ-
ing temperature (most of the short dark sky observations were

taken at the end of an FTS observing cycle, when the tempera-
tures are generally higher). However, provided that the duration
of an observation correlates with the number of repetitions, it
might also be that the dependence of the correction factor on
the number of repetitions is a dependence on the duration of
the observation. Since low-resolution observations are system-
atically shorter than the high-resolution ones, it follows that the
discrepancy between HR and LR data may be one aspect of
a more general problem that has to do with the duration of
an observation, rather than its resolution mode.

From the discussion above, one might wonder if the origin
of dyr-Lr is not the telescope model itself. The multiplication
of the original model by a correction factor can translate into
a change of the telescope RSRF, which would be compatible
with the results reported in Sec. 3.1, but only up to some point.
Hypothesizing the existence of two different, slowly-varying
correction factors for observations of different duration, the dif-
ference between their spectra as a function of frequency should
be expressed as (Mt (v) — M'1e1(v))Rre1(v), where M (v) and
M’ 11(v) would be the different telescope models to apply. Since
we know how Mt (v) varies as a function of v, we can approx-
imately guess the shape of the difference between the spectra.
Such shape is not compatible with the double bump charac-
terizing ogr-rr. Inverting the problem, though, we could still
hypothesize that the detected difference between the cor-
rection factors is the consequence of observation-duration-
dependent RSRFs.

5. RSRFs calculation from scans of the same
observation

The differences among the quasi-simultaneous dark sky obser-
vations in OD 1291 demonstrate that possible variations of the
RSRFs should occur on short timescales — of the order of min-
utes. A way to investigate such short-term variations is to an-
alyze the spectra of single scans rather then complete observa-
tions. In the following we will focus on the flux densities at a
frequency of 524 GHz, around which the discrepancy between
LR and HR/H+LR data is most pronounced.

In Fig. 10, the uncalibrated 524 GHz flux density of scans
from observations 0x500133D9 and 0x500133DB have been
corrected for the telescope emission and plotted versus the in-
strument model. According to Eq. 3, the data-points should
fall along a straight line, whose slope should provide Ry, (524
GHz); note that changes in the telescope model during the ob-
servations should be minimal, therefore hardly responsible for
any deviation from the expected behavior. For comparison, the
plot also reports data-points (black dots) and slope (black line)
for the LR observations in Table 1.

The high-resolution part of obsid 0x500133D9 (orange dia-
monds) is the first in order of time; during these ten scans the in-
strument temperature increases almost monotonically. The data-
points for the first three scans are consistent with the average
behavior of low-resolution observations. As the temperature fur-
ther increases, the decrease in V;(v) — Mt R1e” becomes much
steeper than expected. The average Ry’ (524 GHz) (orange line)
for the ten scans under consideration indicates that the response
of the detector to the instrument emission has changed, leading
to a discrepancy with respect to the LR observations.

Afterwards, the low-resolution part of obsid 0x500133D9
(brown dots) is performed, and the instrument temperature tend
to decrease. The average Ry’ (524 GHz) inferred by a linear re-
gression on these scans (brown line) is very similar — although
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the telescope-corrected signal of all the LR observations in Table 1.

Table 3. The instrument response functions Ry, inferred from differ-
ent sets of scans of Obsids 0x500133D9 and 0x500133DB, compared
with the one of all LR observations in Table 1; the sets of scans are se-
lected according to the resolution mode and the monotonic trend of the
instrument model variation.

Obsid Resolution mode M Runst’

all LR LR — -2.0163e+12
0x500133D9 HR increasing  -3.0424e+12
0x500133D9 LR decreasing  -2.2629e+12
0x500133DB HR increasing  -3.1527e+12
0x500133DB HR decreasing  -2.0601e+12

slightly steeper — to the one inferred from LR observations,
which explains why the discrepancy introduced by the high-
resolution part of the observation is approximately preserved.
Note the alignment between the flux density for the complete
observation (red square) and the fit to these low-resolution data-
points.

The scans of the HR obsid 0x500133DB have been divided
in two parts: the ones for which My, increases (from now on,
91iner, green dots) and the ones for which it decreases (914ecr,
magenta dots). When the observation starts, the instrument tem-
perature is higher than at the beginning of obsid 0x500133D9,
and the values of V;(v) — MR’ for the first scans of the two
observations are shifted. The slope with which V;(v) — MqeRre)’
decreases with My, is again steeper (green line) than the one
inferred from LR data and very similar to the one calculated for
the high-resolution part of obsid 0x500133D9, so that the differ-
ence between the 524 GHz flux density of obsid 0x500133DB
and the one expected for LR data increases. Similarly to what
we saw for the low-resolution part of obsid 0x500133D9, also
the 914ecr scans tend to preserve a similar Ry’ (524GHz) (ma-
genta line) than LR observations.

It might be helpful to summarize the main conclusions from
this analysis; in Table 3, for all the sets of scans under consid-
eration (Col. 1), we reported the resolution mode (Col. 2), the
behavior of My, during the scans (Col. 3), and the inferred Ry,
(Col. 4). 1t appears that there is a link between Ry,s” (which has
a direct influence on the measured flux density at 524 GHz) and

the variation of Mp,. The resolution mode, instead, seems not
to directly affect the instrument response function.

The picture that comes into view could be the following:
slow changes of the instrument temperature cause variations
of the voltage density V;(v) which can be generally described
as Mg (V)Rmse Lr(v); the execution of scans in high-resolution
mode causes at first a fast increase of the instrument tempera-
ture, which produces a change in the instrument response func-
tion, leading to an augmented deviation of the measured flux
density from the one of standard low-resolution observations.
After some high-resolution scans, the instrument temperature
stabilizes and eventually decreases again. The instrument re-
sponse function tends to a value slightly steeper than Ry 1r(v),
approximately preserving the flux density difference introduced
by the previous scans. Since the absolute value of the response
function for these scans (characterized by rapidly decreasing
instrument temperature) is a little higher than Ry r(v), for
some value of My (v) % the instrument emission will equalize
M5t (V)R Lr (V), returning to the starting point of the cycle. As
in an hysteresis cycle, the instrument contribution to V;(v) de-
pends on the evolution of the instrument temperature — the way
it changed also in previous observations.

5.1. Extending the scan-by-scan analysis to a large sample
of HR observations

To probe this hypothesis, the scan-by-scan analysis discussed
above has been extended to a sample of 21 HR observations.
Since the strongest temperature variations concern the first 20-
30 scans of each observation, our analysis is limited to the first
30 and the last 10 scans only. The results are reported in Fig. 11
and 12, where the telescope-corrected signal is plotted versus the
instrument model. The green and the orange dotted lines show
the typical relationship between signal and instrument model for
LR and HR spectra, respectively. Two distinct kinds of behavior
can be recognized:

— In eleven cases (see Fig. 11), the signal evolves with the
changing temperature according to a clearly recognizable
pattern. It starts from a position that is compatible with typ-
ical LR spectra; after few scans, it rapidly moves toward a
lower state, indicating that the contribution of the instrument
emission to the signal is higher than expected for the mea-
sured temperature. When the instrument temperature starts
to decrease, the signal is generally moving along the orange
line that characterizes HR spectra. By overlapping the pat-
terns followed by the eleven observations under considera-
tion, a model of the resulting U-shaped pattern has been ob-
tained (magenta line in the box; its time evolution is clock-
wise).

— For ten observations (see Fig. 12), the variation of the signal
with the changing temperature does not follow a clear trend.
The signal seem to approximately start and move along the
typical HR line, without significant deviations.

To understand the origin of the differences in behavior be-
tween the two samples of observations, it is useful to place them
into the framework of their historical sequence. Eight out of
eleven observations in the first group have been performed after
LR observations, while all the observations in the second group
follow HR observations. This result strongly supports the idea
that the discrepancies in the calibrated spectra of observations

2 Likely, this will happen on much longer timescales than the dura-
tion of standard observations.
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Fig. 11. Telescope-corrected signal at 524 GHz plotted versus the in-
strument model for samples of scans of HR observations. The signal
follows a kind of U-shaped pattern (a model of this pattern is shown
as a magenta line in the top-right box), moving clockwise from a typi-
cal LR behavior (green dotted line) to a typical HR one (orange dotted
line).
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Fig. 12. The evolution of the telescope-corrected signal at 524 GHz for
a different group of HR observations. All the scans seem approximately
to move along the typical HR line.

performed in different resolution modes has to do with fast vari-
ations of the instrument temperature. When temperature varia-
tions are slow (as during or after LR scans), the instrument con-
tribution to the signal follows the typical LR line, while sudden
increases of the temperature shift it toward the HR line. If two
or more HR observations are taken in sequence, the system does
not have the time to return to the initial state and all the scans
will evolve following the typical HR pattern.

The scenario above provides a coherent description of the
variations observed in a large sample of dark sky spectra; it does
not explain, though, the origin of the problem. Comparing the
temperatures reported by the three sensors placed in differ-
ent positions within the instrument (scalTemp, scalTemp2,
and scalTemp4) we see a significant delay between the varia-
tions triggered by the first scans of each high-resolution ob-
servation. It could be an indication that the problem has to
do with the thermal balance of the system; the question to
address, then, is whether thermal balance can influence the
response functions.

6. Open issues

Through the analysis illustrated in the previous sections it has
been possible to highlight several interesting aspects concerning
the systematic discrepancy between LR and HR/H+LR data; but
rather than providing a uniform picture and allowing to pinpoint
the origin of the problem, the collected clues seem to be partially
contradictory.

The calculation of the RSRFs separately for HR and LR
observations (see Section 3.1) shows that, changing the resolu-
tion mode, the telescope contribution to V;(v) varies much more
than the instrument contribution (see Fig. 7). Moreover, the de-
pendence of the telescope correction factor on the number of
repetitions would naturally suggest a link with the observation-
duration dependent variation of the telescope RSRF hypothe-
sized above (see Section 4). These two points would argue in
favor of a strong involvement of the telescope emission in the
flux density discrepancies. On the other hand, the telescope tem-
perature seems to be nearly constant on timescales from minutes
to few hours, excluding its strong involvement in the variations
of the spectra acquired in OD 1291; this conclusion is also sup-
ported by the possibility to trace these variations as a function of
the instrument temperature evolution.

As for now, a final conclusion concerning the origin of
Our-Lr 18 impossible. The most likely scenario seems to be a
change of the response functions triggered by the instrument
temperature: since HR observations are characterized by tem-
peratures that are generally higher than those of LR observa-
tions, the systematic nature of the discrepancy would be ex-
plained. Assuming that the instrument temperature affects the
telescope RSRF as well as the instrument RSREF, also the analo-
gies found with some characteristics of the telescope correction
would be justified. What is still missing is a physical interpreta-
tion of changes occurring in the response functions.

7. Final remarks

In the present paper, a thorough analysis of the systematic dis-
crepancy between spectra obtained at different resolution modes
has been presented. The discrepancy — detected in the fully
calibrated H+LR(H) and H+LR(L) spectra — originates in a
systematic difference between uncalibrated LR and HR/H+LR
spectra, which the standard calibration pipeline partially corrects
by assuming different response functions for LR and HR data.

We tested the hypothesis that the discrepancy, dgr-rr, 1S
constant in time, and therefore it can be corrected by adding
a constant parameter to the standard two-parameter calibration
pipeline. The test showed that, in first approximation, the ampli-
tude of the discrepancy can be regarded as constant, allowing for
an empirical correction of the problem by subtracting a constant
signal from the uncalibrated spectra of LR observations; how-
ever, a minor part of the discrepancy is certainly affected by the
(time-dependent) telescope and instrument temperatures. Given
the shape of dgr-Lr (Which shows an excess of signal around
550 and 900 GHz, and a deficiency of signal around 700 GHz),
a proper correction of the problem can not be achieved by modi-
fying the telescope and/or the instrument model; it would require
a modification of the response functions.

The analysis of the variations in dark sky observations spec-
tra performed in OD 1291, even on a scan-by-scan level, seems
to indicate that the amplitude of the discrepancy is not directly
related to neither the instrument temperature nor its increas-
ing/decreasing trend — it seems to be affected also by the history
of the temperature variations before the start of the observation.
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The extension of the scan-by-scan analysis to a sample of 21 HR
observations strongly supports this conclusion.

We hypothesize that the existence of dgr_r has to do with
fast temperature changes in the instrument, which cause tem-
porary variations of both the telescope and the instrument re-
sponse functions. The sensitivity of the telescope response func-
tion to the instrument temperature may also explain the impor-
tant analogies observed between some characteristics of dgr-Lr
and the telescope emission, such as the dependence on the num-
ber of repetitions (and consequently the duration) of an observa-
tion.

8. Post Scriptum

We have been wondering why spectra obtained at different res-
olution modes show significant discrepancies. Maybe the most
important question would have been how the response functions
estimated for LR and HR data in the standard pipeline could
be so different among each other. Once we accept that response
functions depend on resolution mode, the signals that we ex-
pect for given values of the telescope and the instrument models
would be resolution dependent:

ViR()=Vur(v) = MTel(V)(RTel,LR(V)_RTel,HR(V))+MInst(V)(RInst,LR(V)_RInst,HR(V))(4)

This implies that Vi g(v) — Vgr(v) cannot be zero unless the
telescope and the instrument models show a significant depen-
dence on resolution too. It is not by chance that the problem
becomes evident with H+LR observations, for which the instru-
ment and telescope models vary in a negligible way from the
high- to the low-resolution part of the observations.
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