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ABSTRACT

Context. Gaia DR3 time series data may contain spurious signals related to the time-dependent scan angle.
Aims. We aim to explain the origin of scan-angle dependent signals and how they can lead to spurious periods, provide statistics to identify them
in the data, and suggest how to deal with them in Gaia DR3 data and in future releases.
Methods. Using real Gaia (DR3) data, alongside numerical and analytical models, we visualise and explain the features observed in the data.
Results. We demonstrated with Gaia (DR3) data that source structure (multiplicity or extendedness) or pollution from close-by bright objects can
cause biases in the image parameter determination from which photometric, astrometric and (indirectly) radial velocity time series are derived.
These biases are a function of the time-dependent scan direction of the instrument and thus can introduce scan-angle dependent signals, which
due to the scanning law induced sampling of Gaia can result in specific spurious periodic signals. Numerical simulations in which period search
is performed on Gaia time series with a scan-angle dependent signal qualitatively reproduce the general structure observed in the spurious period
distribution of photometry and astrometry, as well as the associated spatial distributions on the sky. A variety of statistics allows for the deeper
understanding and identification of a↵ected sources.
Conclusions. The origin of the scan-angle dependent signals and subsequent spurious periods is well-understood and is in majority caused by
fixed-orientation optical pairs with separation < 0.500(amongst which binaries with P � 5y) and (cores of) distant galaxies. Though the majority
of sources with a↵ected derived parameters have been filtered out from the Gaia archive nss_two_body_orbit and several vari-tables, there
remain Gaia DR3 data that should be treated with care (note that no sources were filtered from gaia_source). Finally, the various statistics
discussed in the paper can not only be used to identify and filter a↵ected sources, but alternatively reveal new information about them not available
through other means, especially in terms of binarity on sub-arcsecond scale.
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1. Introduction

The ongoing processing and analyses of Gaia data by the Data
Processing Analysis Consortium (DPAC) and scientific commu-
nity is leading to a more and more detailed and refined under-
standing of the instrument responses and of the properties of the
data. This paper is dedicated mainly to so-called scan-angle de-
pendent signals in the Gaia data, which is a product of the on-
sky source structure (mainly multiplicity or extendedness), Gaia
scanning law, the on-board sampling and ‘windowing’ observa-
tion strategy, and on-ground observation modelling. Such signals
can lead to the emergence of biases in the derived parameters like
the periodicity, giving rise to specific ‘spurious’ periods.

Readers wanting a quick overview of the paper are recom-
mended to start with the discussion in Sect. 7 where the whole
paper is condensed around several relevant topics and questions,
which point out the relevant sections for further reading.

To properly understand and explain the mentioned e↵ects we
structured the paper in the following way. First the basic Gaia
observation mode and its properties are explained in Sect. 2.
Then Sect. 3 discusses and demonstrates for each Gaia instru-
ment the relevant scan-angle related modelling errors that can
be introduced in the derived data. Examples and interpretation
? Corresponding author: B. Holl (berry.holl@unige.ch)

of observed spurious period distributions are then discussed in
Sect. 4. In Sect. 5 we introduce a photometric and astromet-
ric scan-angle dependent bias signal model and demonstrate
through simulations how it qualitatively reproduces the observed
spurious periods. Section 6 then focuses on statistics that can
detect scan-angle dependent signals and several other relevant
features. The aforementioned Sect. 7 contains condensed discus-
sions around the subjects related to this paper, which is followed
by our concluding remarks in Sect. 8.

In Appendix A we describe the Gaia archive table data that
is published with this paper for all sources having published
time series in Gaia DR3, containing the statistical parameters
of Sect. 6. Appendix B contains additional scan-angle signal af-
fected source examples. In Appendix C we show the sky distri-
bution of specific spurious peaks as identified in Sect. 5.4. Fi-
nally, Appendix D describes the conversion between equatorial
and ecliptic scan position angles.

2. How Gaia observes the sky

We start with a brief overview of the Gaia scanning law proper-
ties that are relevant for this study; for more details see Gaia Col-
laboration et al. (2016); Lindegren & Bastian (2010); de Brui-
jne et al. (2010). We will only consider operations under the
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Gaia 5 yr Nominal Scanning Law

Also on YouTube: https://www.youtube.com/watch?v=lRhe2grA9wE

https://www.youtube.com/watch?v=lRhe2grA9wE
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Gaia 5 yr Nominal Scanning Law

Video on YouTube: https://www.youtube.com/watch?v=lRhe2grA9wE

https://www.youtube.com/watch?v=lRhe2grA9wE
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Gaia 5 yr Nominal Scanning Law
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Scan angle

Following FoV
scan angle  

Preceding FoV
scan angle  

is	the	AL-scan	direction	angle	measured	from	Equatorial	North,	eastwards.

  

   ICSR   
   (Equatorial)   
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Scan-angle 
dependent signals

'Discovered'	in	many	different	CU's,	
here	the	CU7	centric	story...
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Once upon a time there was a strange source... 

period	=	54	d

~0.2	mag

Time [d - J2010]

Phase
Bi-modal	signal	NOT	dependent	on	FoV,	what	is	it?

G-band	FoV		
photometry
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Signal	depends		
on	scan	angle		
(modulo	180	deg)

Its modulation was correlated with the scan angle...

Time [d - J2010]

G-band	FoV		
photometry
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Its modulation was correlated with the scan angle...

Time [d - J2010]

scan angle

Signal	depends		
on	scan	angle		
(modulo	180	deg)

G-band	FoV		
photometry
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scan angle

Signal	depends		
on	scan	angle		
(modulo	180	deg)

IPD GoF harmonic model!* (rescaled amplitude + offset)

... and correlated to the IPD GoF harmonic model !

G-band	FoV		
photometry

*ipd_gof_harmonic_phase = 33 deg   
  (ipd_gof_harmonic_ampl=0.11)

Questions	to	answer:		
• What	causes	this	signal?	
• Why	it	correlate	with	IPD	GoF	harmonic	model?
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Idea:  Compute Spearman correlation between 
          IPD model and G-band measurements

scan angle

Signal	depends		
on	scan	angle		
(modulo	180	deg)

B. Holl, C. Fabricius, J. Portell, et al.: Gaia DR3: scan-angle dependent signals and spurious periods
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Fig. 22. Comparison between the unpublished observed period distribution of an all-sky photometric sample (top panel, red line, same as top panel
of Fig. 16) and that predicted by our noiseless sampled bias model of Eq. 7 for di↵erent scan angle harmonics k (purple lines in following panels).
See Figs. C.2 and C.3 for ecliptic sky maps and Figs. C.4 and C.5 for spurious-period-folded time series of the most prominent peaks.
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Fig. 23. Same as Fig. 22 but for the published Gaia Andromeda Photometric Survey (GAPS) photometry. The top panel (orange line) is the same
data as in the second panel of Fig. 16. See the green circles in Figs. C.2 and C.3 for ecliptic sky maps of the most prominent peaks.

a specific time series (e.g. G in magnitude), and the IPD GoF
model sampled at the scan angles of the time series observations:

ripd = fSpearmanCor
⇣
{SGi( i), Mipd( i) | i 2 1, ...,N }

⌘
(8)

with S =
(

1, if G in flux
�1, if G in magnitude

with i being the observation index in the time series of a source
having a total of N observations, and  i the associated scan an-
gle. Note that the Spearman correlation is rank-based, i.e., it is
insensitive to the specific magnitude di↵erences of values and
only measures the level of correlated increase or decrease be-
tween the two input time series. It means that we do not need to
normalise our values and it makes the statistic also rather robust
against (small numbers of) outliers. For example, if both time se-

Article number, page 19 of 54

Spearman	goodies:	
• rank	based:	rescaling	or	
offsets	have	no	influence,	

• relative	insensitive	to	outliers.

r ipd,g = 0.70

G-band	FoV		
photometry

IPD GoF harmonic model!  (rescaled amplitude + offset)

Eq.	8	of	Holl,	Fabricius,	Portell,	et	al.	(2023)

https://ui.adsabs.harvard.edu/abs/2022arXiv221211971H/abstract
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Other high Spearman IDP correlation (r ipd) examples 

P= 25 days

P= 31 days

r ipd = 0.97

r ipd = 0.95

G-band	phase	folding	occurs	at	specific	'spurious'	periods

Phase

Phase

scan angle

scan angle



Berry Holl, Ecogia science meeting, 3 April 2023 18

Other high Spearman IDP correlation (r ipd) examples 

r ipd = 0.95

r ipd = 0.96

Phase

Phase

scan angle

scan angle

P= 96 days

P= 188 days

G-band	phase	folding	occurs	at	specific	'spurious'	periods
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Spearman IDP correlation (r ipd) distribution 
Example:	DR3	eclipsing	binary	sample	showing	'spurious'	peaks

A&A proofs: manuscript no. GaiaDR3_EB_v3.2

Fig. 20. Density map of the ripd,G correlation (providing an indica-
tion of the possible strength of a scan-angle dependent signal in the
photometric time series) versus global ranking of the full catalogue.

Fig. 21. Same as Fig. 20, but versus orbital period and with a more
restricted ordinate range for better visibility.

with low NG values, and display many alias structures. These
groups were identified in Sect. 3.1 to contain candidates with
unphysical light curve model components for a majority of
them. These are only examples of application, users are en-
couraged to apply adequate NG–period filters depending on
their case studies.

Finally, the global ranking is dependent on the location
in the NG versus period plane, as shown in the bottom panel
of Fig. 18. However, here too, the distribution of global rank-
ing varies very much according to the light curve model. This
is shown in Fig. A.29 of Appendix A. Groups 2GE-A and
2GE-B have overall high global rankings, while groups 2G-
X, 2G-Y and 2GE-Z have overall poor rankings. Groups 2G-
A and especially 2G-B have a clear period limit above which
the ranking becomes poor. At intermediate periods, in [⇠2,
⇠10] d for 2G-A and [⇠0.5, ⇠1.5] d for 2G-B, the ranking
increases, on the mean, with increasing number of observa-
tions.

3.5. Photometric signal from source asymmetry

Holl et al. (2022) identified that asymmetric flux distri-
butions, i.e. non-point-like sources like partially or unre-
solved multiple sources and galaxies, can result in a scan-
angle dependent signal in the Gaia G derived epoch pho-
tometry. A variety of statistics was proposed to identify
sources a↵ected by such signals, of which the Spearman
correlation ripd,G is one of the most powerful. A value
around 0 means the source is likely una↵ected by such
a signal, while a value close to 1 means it is very likely
to be a↵ected (values towards -1 would be troubling in

the same way, but do not systematically occur). This pa-
rameter is available as spearman_corr_ipd_g_fov in table
gaia_dr3.vari_spurious_signals in the Gaia archive and
is used hereafter to diagnose how much of our eclipsing bi-
nary sample might be a↵ected.

The distribution of ripd,G versus global ranking is shown
in Fig. 20. The bulk of the sources has a ripd,G distribution
around 0.1, with a dispersion that slightly increases with de-
creasing global ranking. However, a small fraction of the
sources (6%) have ripd,G values above 0.6, pointing to an ori-
gin of the photometric variability linked to an asymmetry
of the source flux distribution. In principal, the asymmetry
could result from the presence of an unresolved binary, espe-
cially since we are dealing with binaries. At first glance, the
fact that these sources have low global rankings might seem
inconsistent with this interpretation. But a high correlation
means that there exists a clear signal when phase folding the
light curve as function of the scan-angle (see Holl et al. 2022,
for details), not with the best fitted period. Since the used
two-Gaussian model does not have any degrees of freedom
to (additionally) fit for this scan-angle-dependent signal, a
high ripd,G will generally result in large residuals and thus
a low global ranking. The statistics are shown in Table 4.
We see that the groups that have the largest percentage of
sources with ripd,G > 0.6 are 2G-Y (25%), 2G-X (18%) and
2GE-Z (8%), with an overall level of contamination of ‘good’
sources estimated to be ⇠5% by comparing this to the counts
for ripd,G values below -0.4 (the peak of the distribution is at
⇠0.1). These three groups are the ones identified in Sect. 3.1
to require confirmation of their binary nature, which is fully
consistent with their model-fit being negatively a↵ected by a
potential scan-angle signal.

The scan-angle dependent signals also manifest them-
selves at specific spurious periods identified in Holl et al.
(2022), which again appear consistent with the main pe-
riod clusters identified in Fig. A.28 per group, and are sum-
marised for the full catalog in Fig. 21. The ripd,G versus pe-
riod distributions for each individual group is displayed in
Fig. A.30 of Appendix A. These figures will help the users to
apply proper filters to their samples according to the ripd,G,
period and Group to which the sources belong.

4. Catalogue quality

We assess the quality of our catalogue by comparison of our re-
sults with literature data, based on the Gaia DR3 cross-matches
presented in Gavras et al. (2022). For the Gaia DR3 catalogue
of eclipsing binaries, there are 606 393 cross-matches. The main
surveys and number of cross-matched sources are listed in Ta-
ble 5. The largest number of cross-matches relates to the ZTF
survey (42%), then OGLE4 (17%), ASAS-SN (14%), ATLAS
(10%), CATALINA (8%), and PS1 (5%). The remaining 4%
cross-matches come from a variety sources not detailed here.

The statistics of the Gaia DR3 cross matches with the liter-
ature are reported in Table 6. The first two-row set of rows (la-
beled ’All’ in the XMs column) gives the statistics for the sample
of all cross-matches, irrespective of whether the source is classi-
fied as an eclipsing binary in the literature or not. The table lists
the number of sources, the number of sources that have a period
reported in the literature, and the number of sources for which
the literature period is compatible with the Gaia period, either
directly (1:1 ratio, see Sect. 4.1) or within a factor of one or two
(1:1, 1:2 or 2:1 ratios). The second two-row set (labeled ’EB’)
then provides the same statistics, but only for the subsample of

Article number, page 14 of 45

Question	to	answer:	why	at	these	periods?
Fig	21	of	Mowlavi,	Holl,	Lecœur-Taïbi,	et	al.	(2023)

Few % of EBs have periods affected by scan-angle signals: 

https://ui.adsabs.harvard.edu/abs/2022arXiv221100929M/abstract
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Seen	both	in	photometry	AND	astrometry
B. Holl, C. Fabricius, J. Portell, et al.: Gaia DR3: scan-angle dependent signals and spurious periods
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Fig. 16. Period distributions of (largely unpublished) Gaia data to show the diversity and (dis)similarities of various peak locations and amplitudes.
See also Figs. 22, 23, and 24 for comparison against period search results on simulated scan-angle signals that qualitatively reproduce these peaks.

Fig. 17. Distribution of false alarm probabilities of the two photometric samples shown in Fig. 16, illustrating the highly significant nature of most
of the spurious periods.

periodogram was made using Generalised Least-Squares (Heck
et al. 1985; Cumming et al. 1999; Zechmeister & Kürster 2009)
(an extension of the Fourier periodogram on uneven sampled
data that is independent of the mean of the data), followed by
a refinement of the period with the highest power using an un-
weighted multi-harmonic modelling step. The periodogram was
computed between 25 cycles day�1 (about 1 h) and 7·10�4 cycles
day�1 (1700 d), with a step size of typically 10�5 cycles day�1.
Following we only display the 73 k sources with periods in the
range 10 to 500 d where most of the easily identifiable spurious
peaks appear.

The second set (middle panel) is extracted from the public
photometry published as part of the Gaia Andromeda Photomet-
ric survey (GAPS Evans et al. 2022) with periods and false alarm
probabilities provided in Appendix A. The same processing and
selections as the first set were applied, resulting in 38 k sources
with periods in the shown range 10 to 500 d. For both the first
and second dataset we show in Fig. 17 the Baluev false alarm
probability (FAP, Baluev 2009), showing that a significant frac-
tion of the peaks is highly significant. Note that due to the initial
blind source selection, both sets will contain a mix of truly pho-
tometric variable objects, as well as ‘spurious’ variables (like
galaxies and close pairs) due to induced scan-angle dependent

Article number, page 13 of 54

Random 'All-sky' photometric sources

GAPS photometric sources

Astrometric 'stochastic' orbit sources

Question	to	answer:	what	causes	these	differences?	(position?)

spurious peak distribution

Fig	16	of	Holl,	Fabricius,	Portell,	et	al.	(2023)

https://ui.adsabs.harvard.edu/abs/2022arXiv221211971H/abstract
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What
is going on?
Questions	to	answer:		
• What	causes	this	signal?	
• Why	G-signal	correlates	with	IPD	GoF	harmonic	model?	
• What	causes	differences	in	peaks?	
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What causes this signal?
Non-point-like	sources,	like:	

• close	pairs	

• (elongated)	galaxies*	

• other	scan-angle	dependent	disturbances		
(e.g.	PSF	tail	of	close-by	bright	object)

*Already	in	DR2	galaxies	were	identified	that	looked	like	RR-Lyrae	stars	due	to	their	scan-angle	dependent	signal		
			(Appendix	C	of	Clementini,	Ripepi,	Molinaro	et	al.	2019)

https://ui.adsabs.harvard.edu/abs/2019A&A...622A..60C/abstract
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B. Holl, C. Fabricius, J. Portell, et al.: Gaia DR3: scan-angle dependent signals and spurious periods

As explained in Sect. 3.1.1, IPD model errors can arise from
multi-peak or non point-like (extended) sources. The latter is
also clearly demonstrated in Gaia Collaboration, Bailer-Jones et
al. (2022) for galaxies which are extended by definition. Fig-
ure 6 illustrates the main concepts involved here, such as the
pixel size and proportions, the PSF, the scan angle5 and the sep-
aration between the two components of an optical binary star. In
the following, we illustrate the main three cases described in the
detailed description of ipd_gof_harmonic_phase6. All exam-
ples shown in this study are also summarised in Table 1.

1. A double star with separation . 0.100, where the GoF is
expected to be higher (worse) when the scan is along the arc
joining the components than in the perpendicular direction,
and the ipd_frac_multi_peak should be small.
Figure 7 shows an example of a partially resolved binary
with the scan-angle, IPD and photometric signals. We make
use of some internal information provided by the Intermedi-
ate Data Updating system (IDU, see Fabricius et al. 2016)
during its initial runs for DR4, as well as some unpublished
data of DR3. The r-values in the title are Spearman corre-
lations introduced in Sect. 6, that help determine if this is
a scan-angle dependent signal, which in this case is very
likely given that both correlations are close to 1. The top
panel lists the published ipd_gof_harmonic_amplitude,
ipd_gof_harmonic_phase and ipd_frac_multi_peak
as aipd, 'ipd, and , together with the time series of the IPD
goodness of fit (per CCD observation) di↵erentiated between
observations detected as single or multi-peak. The central
panel shows the derived photometry (per field of view tran-
sit) in G, GBP and GRP. For the G we include two fits to
the data that are detailed in Sect. 5: (1) a ‘Pair’ fit (Eq. 4),
which is a generalisation of Eq. 1, leading to magnitude esti-
mations for the primary and secondary components (Gp and
Gs), their separation ⇢ and their position angle ✓; and (2)
a small-separation simpler ’Sine’ fit (Eq. 5) which has the
same parameterisation as Eq. 1 and of which the amplitude
aG is comparable to that of aipd (despite being of di↵erent
unit), see also Fig. A.6 of Appendix A. Depending on the
separation, the phase ✓G is ±90� o↵set to 'ipd (as is the case
here) or similar in value. Note that this second simpler model
can perform better than Eq. 4 for small separations, espe-
cially in cases where the secondary peak is never resolved,
and it is provided for all photometric sources with available
time series in Appendix A. The goodness of both fits are indi-
cated as �2

red. The bottom panel shows an approximate recon-
struction of the source environment using the SEAPipe algo-
rithm (Harrison 2011, see also Sect. 7.6). In this example, as
in many other cases with partially resolved pairs, AGIS was
unable to determine a full solution, so only a two-parameter
solution is available in DR3. As can be seen, the G-band pho-
tometry strongly depends on the scan angle, with fainter val-
ues for the scans where IPD was able to detect and mask the
secondary peak (labelled as “Multi” in the top panel). In
the unresolved scans (“Single”), both peaks are combined
in the IPD fitting, leading to an artificially brighter value. In
this case, the separation is large enough to allow for a rather
high  of 29% and a good fit with the pair model. BP and RP
photometry is mostly constant thanks to the larger windows
used there. Finally, the smaller (better) epoch GoF values are

5 The Gaia scan angle is defined as  = 0 when the field-of-view is
moving towards local North, and  = 90� towards local East, which is
di↵erent from that used for Hipparcos (e.g. F. van Leeuwen 2007).
6 See Gaia archive documentation for ipd_gof_harmonic_phase.

Fig. 7. SourceID 389636619892245248: Scan-angle signatures from a
partially resolved double star with similar magnitudes and a separation
of about 130 mas between the two components (determined by IDU
for DR4). Top panel shows the unpublished IPD epoch GoF values de-
termined by IDU in DR3, where we indicate the scans for which the
IPD detected multiple peaks. Central panel shows the brightness in the
G band as provided by the epoch photometry table published in DR3,
as well as BP and RP photometry to illustrate the di↵erences in that
instrument. It also includes the fits to G using Eq. 4 (pair model) and
Eq. 5 (sinusoidal model). Bottom panel shows the image reconstructed
by SEAPipe, with grey dashed circles at increasing radii in steps of
250 mas from the image centre. See text for further details.

found in the scans where the two peaks are not resolved, as
expected. For completeness, the central panel also includes
the G-band observations that were rejected during variabil-
ity processing and excluded from our fitting procedure, i.e.,
with variability_flag_g_reject=true.

2. A resolved binary, where the GoF is expected to be
smaller (better) when the scan is along the arc joining
the two components (along the position angle), and the
ipd_frac_multi_peak value should be high.
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As explained in Sect. 3.1.1, IPD model errors can arise from
multi-peak or non point-like (extended) sources. The latter is
also clearly demonstrated in Gaia Collaboration, Bailer-Jones et
al. (2022) for galaxies which are extended by definition. Fig-
ure 6 illustrates the main concepts involved here, such as the
pixel size and proportions, the PSF, the scan angle5 and the sep-
aration between the two components of an optical binary star. In
the following, we illustrate the main three cases described in the
detailed description of ipd_gof_harmonic_phase6. All exam-
ples shown in this study are also summarised in Table 1.

1. A double star with separation . 0.100, where the GoF is
expected to be higher (worse) when the scan is along the arc
joining the components than in the perpendicular direction,
and the ipd_frac_multi_peak should be small.
Figure 7 shows an example of a partially resolved binary
with the scan-angle, IPD and photometric signals. We make
use of some internal information provided by the Intermedi-
ate Data Updating system (IDU, see Fabricius et al. 2016)
during its initial runs for DR4, as well as some unpublished
data of DR3. The r-values in the title are Spearman corre-
lations introduced in Sect. 6, that help determine if this is
a scan-angle dependent signal, which in this case is very
likely given that both correlations are close to 1. The top
panel lists the published ipd_gof_harmonic_amplitude,
ipd_gof_harmonic_phase and ipd_frac_multi_peak
as aipd, 'ipd, and , together with the time series of the IPD
goodness of fit (per CCD observation) di↵erentiated between
observations detected as single or multi-peak. The central
panel shows the derived photometry (per field of view tran-
sit) in G, GBP and GRP. For the G we include two fits to
the data that are detailed in Sect. 5: (1) a ‘Pair’ fit (Eq. 4),
which is a generalisation of Eq. 1, leading to magnitude esti-
mations for the primary and secondary components (Gp and
Gs), their separation ⇢ and their position angle ✓; and (2)
a small-separation simpler ’Sine’ fit (Eq. 5) which has the
same parameterisation as Eq. 1 and of which the amplitude
aG is comparable to that of aipd (despite being of di↵erent
unit), see also Fig. A.6 of Appendix A. Depending on the
separation, the phase ✓G is ±90� o↵set to 'ipd (as is the case
here) or similar in value. Note that this second simpler model
can perform better than Eq. 4 for small separations, espe-
cially in cases where the secondary peak is never resolved,
and it is provided for all photometric sources with available
time series in Appendix A. The goodness of both fits are indi-
cated as �2

red. The bottom panel shows an approximate recon-
struction of the source environment using the SEAPipe algo-
rithm (Harrison 2011, see also Sect. 7.6). In this example, as
in many other cases with partially resolved pairs, AGIS was
unable to determine a full solution, so only a two-parameter
solution is available in DR3. As can be seen, the G-band pho-
tometry strongly depends on the scan angle, with fainter val-
ues for the scans where IPD was able to detect and mask the
secondary peak (labelled as “Multi” in the top panel). In
the unresolved scans (“Single”), both peaks are combined
in the IPD fitting, leading to an artificially brighter value. In
this case, the separation is large enough to allow for a rather
high  of 29% and a good fit with the pair model. BP and RP
photometry is mostly constant thanks to the larger windows
used there. Finally, the smaller (better) epoch GoF values are

5 The Gaia scan angle is defined as  = 0 when the field-of-view is
moving towards local North, and  = 90� towards local East, which is
di↵erent from that used for Hipparcos (e.g. F. van Leeuwen 2007).
6 See Gaia archive documentation for ipd_gof_harmonic_phase.

Fig. 7. SourceID 389636619892245248: Scan-angle signatures from a
partially resolved double star with similar magnitudes and a separation
of about 130 mas between the two components (determined by IDU
for DR4). Top panel shows the unpublished IPD epoch GoF values de-
termined by IDU in DR3, where we indicate the scans for which the
IPD detected multiple peaks. Central panel shows the brightness in the
G band as provided by the epoch photometry table published in DR3,
as well as BP and RP photometry to illustrate the di↵erences in that
instrument. It also includes the fits to G using Eq. 4 (pair model) and
Eq. 5 (sinusoidal model). Bottom panel shows the image reconstructed
by SEAPipe, with grey dashed circles at increasing radii in steps of
250 mas from the image centre. See text for further details.

found in the scans where the two peaks are not resolved, as
expected. For completeness, the central panel also includes
the G-band observations that were rejected during variabil-
ity processing and excluded from our fitting procedure, i.e.,
with variability_flag_g_reject=true.

2. A resolved binary, where the GoF is expected to be
smaller (better) when the scan is along the arc joining
the two components (along the position angle), and the
ipd_frac_multi_peak value should be high.
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also clearly demonstrated in Gaia Collaboration, Bailer-Jones et
al. (2022) for galaxies which are extended by definition. Fig-
ure 6 illustrates the main concepts involved here, such as the
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1. A double star with separation . 0.100, where the GoF is
expected to be higher (worse) when the scan is along the arc
joining the components than in the perpendicular direction,
and the ipd_frac_multi_peak should be small.
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with the scan-angle, IPD and photometric signals. We make
use of some internal information provided by the Intermedi-
ate Data Updating system (IDU, see Fabricius et al. 2016)
during its initial runs for DR4, as well as some unpublished
data of DR3. The r-values in the title are Spearman corre-
lations introduced in Sect. 6, that help determine if this is
a scan-angle dependent signal, which in this case is very
likely given that both correlations are close to 1. The top
panel lists the published ipd_gof_harmonic_amplitude,
ipd_gof_harmonic_phase and ipd_frac_multi_peak
as aipd, 'ipd, and , together with the time series of the IPD
goodness of fit (per CCD observation) di↵erentiated between
observations detected as single or multi-peak. The central
panel shows the derived photometry (per field of view tran-
sit) in G, GBP and GRP. For the G we include two fits to
the data that are detailed in Sect. 5: (1) a ‘Pair’ fit (Eq. 4),
which is a generalisation of Eq. 1, leading to magnitude esti-
mations for the primary and secondary components (Gp and
Gs), their separation ⇢ and their position angle ✓; and (2)
a small-separation simpler ’Sine’ fit (Eq. 5) which has the
same parameterisation as Eq. 1 and of which the amplitude
aG is comparable to that of aipd (despite being of di↵erent
unit), see also Fig. A.6 of Appendix A. Depending on the
separation, the phase ✓G is ±90� o↵set to 'ipd (as is the case
here) or similar in value. Note that this second simpler model
can perform better than Eq. 4 for small separations, espe-
cially in cases where the secondary peak is never resolved,
and it is provided for all photometric sources with available
time series in Appendix A. The goodness of both fits are indi-
cated as �2

red. The bottom panel shows an approximate recon-
struction of the source environment using the SEAPipe algo-
rithm (Harrison 2011, see also Sect. 7.6). In this example, as
in many other cases with partially resolved pairs, AGIS was
unable to determine a full solution, so only a two-parameter
solution is available in DR3. As can be seen, the G-band pho-
tometry strongly depends on the scan angle, with fainter val-
ues for the scans where IPD was able to detect and mask the
secondary peak (labelled as “Multi” in the top panel). In
the unresolved scans (“Single”), both peaks are combined
in the IPD fitting, leading to an artificially brighter value. In
this case, the separation is large enough to allow for a rather
high  of 29% and a good fit with the pair model. BP and RP
photometry is mostly constant thanks to the larger windows
used there. Finally, the smaller (better) epoch GoF values are

5 The Gaia scan angle is defined as  = 0 when the field-of-view is
moving towards local North, and  = 90� towards local East, which is
di↵erent from that used for Hipparcos (e.g. F. van Leeuwen 2007).
6 See Gaia archive documentation for ipd_gof_harmonic_phase.

Fig. 7. SourceID 389636619892245248: Scan-angle signatures from a
partially resolved double star with similar magnitudes and a separation
of about 130 mas between the two components (determined by IDU
for DR4). Top panel shows the unpublished IPD epoch GoF values de-
termined by IDU in DR3, where we indicate the scans for which the
IPD detected multiple peaks. Central panel shows the brightness in the
G band as provided by the epoch photometry table published in DR3,
as well as BP and RP photometry to illustrate the di↵erences in that
instrument. It also includes the fits to G using Eq. 4 (pair model) and
Eq. 5 (sinusoidal model). Bottom panel shows the image reconstructed
by SEAPipe, with grey dashed circles at increasing radii in steps of
250 mas from the image centre. See text for further details.

found in the scans where the two peaks are not resolved, as
expected. For completeness, the central panel also includes
the G-band observations that were rejected during variabil-
ity processing and excluded from our fitting procedure, i.e.,
with variability_flag_g_reject=true.

2. A resolved binary, where the GoF is expected to be
smaller (better) when the scan is along the arc joining
the two components (along the position angle), and the
ipd_frac_multi_peak value should be high.
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during its initial runs for DR4, as well as some unpublished
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likely given that both correlations are close to 1. The top
panel lists the published ipd_gof_harmonic_amplitude,
ipd_gof_harmonic_phase and ipd_frac_multi_peak
as aipd, 'ipd, and , together with the time series of the IPD
goodness of fit (per CCD observation) di↵erentiated between
observations detected as single or multi-peak. The central
panel shows the derived photometry (per field of view tran-
sit) in G, GBP and GRP. For the G we include two fits to
the data that are detailed in Sect. 5: (1) a ‘Pair’ fit (Eq. 4),
which is a generalisation of Eq. 1, leading to magnitude esti-
mations for the primary and secondary components (Gp and
Gs), their separation ⇢ and their position angle ✓; and (2)
a small-separation simpler ’Sine’ fit (Eq. 5) which has the
same parameterisation as Eq. 1 and of which the amplitude
aG is comparable to that of aipd (despite being of di↵erent
unit), see also Fig. A.6 of Appendix A. Depending on the
separation, the phase ✓G is ±90� o↵set to 'ipd (as is the case
here) or similar in value. Note that this second simpler model
can perform better than Eq. 4 for small separations, espe-
cially in cases where the secondary peak is never resolved,
and it is provided for all photometric sources with available
time series in Appendix A. The goodness of both fits are indi-
cated as �2

red. The bottom panel shows an approximate recon-
struction of the source environment using the SEAPipe algo-
rithm (Harrison 2011, see also Sect. 7.6). In this example, as
in many other cases with partially resolved pairs, AGIS was
unable to determine a full solution, so only a two-parameter
solution is available in DR3. As can be seen, the G-band pho-
tometry strongly depends on the scan angle, with fainter val-
ues for the scans where IPD was able to detect and mask the
secondary peak (labelled as “Multi” in the top panel). In
the unresolved scans (“Single”), both peaks are combined
in the IPD fitting, leading to an artificially brighter value. In
this case, the separation is large enough to allow for a rather
high  of 29% and a good fit with the pair model. BP and RP
photometry is mostly constant thanks to the larger windows
used there. Finally, the smaller (better) epoch GoF values are

5 The Gaia scan angle is defined as  = 0 when the field-of-view is
moving towards local North, and  = 90� towards local East, which is
di↵erent from that used for Hipparcos (e.g. F. van Leeuwen 2007).
6 See Gaia archive documentation for ipd_gof_harmonic_phase.

Fig. 7. SourceID 389636619892245248: Scan-angle signatures from a
partially resolved double star with similar magnitudes and a separation
of about 130 mas between the two components (determined by IDU
for DR4). Top panel shows the unpublished IPD epoch GoF values de-
termined by IDU in DR3, where we indicate the scans for which the
IPD detected multiple peaks. Central panel shows the brightness in the
G band as provided by the epoch photometry table published in DR3,
as well as BP and RP photometry to illustrate the di↵erences in that
instrument. It also includes the fits to G using Eq. 4 (pair model) and
Eq. 5 (sinusoidal model). Bottom panel shows the image reconstructed
by SEAPipe, with grey dashed circles at increasing radii in steps of
250 mas from the image centre. See text for further details.

found in the scans where the two peaks are not resolved, as
expected. For completeness, the central panel also includes
the G-band observations that were rejected during variabil-
ity processing and excluded from our fitting procedure, i.e.,
with variability_flag_g_reject=true.

2. A resolved binary, where the GoF is expected to be
smaller (better) when the scan is along the arc joining
the two components (along the position angle), and the
ipd_frac_multi_peak value should be high.
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As explained in Sect. 3.1.1, IPD model errors can arise from
multi-peak or non point-like (extended) sources. The latter is
also clearly demonstrated in Gaia Collaboration, Bailer-Jones et
al. (2022) for galaxies which are extended by definition. Fig-
ure 6 illustrates the main concepts involved here, such as the
pixel size and proportions, the PSF, the scan angle5 and the sep-
aration between the two components of an optical binary star. In
the following, we illustrate the main three cases described in the
detailed description of ipd_gof_harmonic_phase6. All exam-
ples shown in this study are also summarised in Table 1.

1. A double star with separation . 0.100, where the GoF is
expected to be higher (worse) when the scan is along the arc
joining the components than in the perpendicular direction,
and the ipd_frac_multi_peak should be small.
Figure 7 shows an example of a partially resolved binary
with the scan-angle, IPD and photometric signals. We make
use of some internal information provided by the Intermedi-
ate Data Updating system (IDU, see Fabricius et al. 2016)
during its initial runs for DR4, as well as some unpublished
data of DR3. The r-values in the title are Spearman corre-
lations introduced in Sect. 6, that help determine if this is
a scan-angle dependent signal, which in this case is very
likely given that both correlations are close to 1. The top
panel lists the published ipd_gof_harmonic_amplitude,
ipd_gof_harmonic_phase and ipd_frac_multi_peak
as aipd, 'ipd, and , together with the time series of the IPD
goodness of fit (per CCD observation) di↵erentiated between
observations detected as single or multi-peak. The central
panel shows the derived photometry (per field of view tran-
sit) in G, GBP and GRP. For the G we include two fits to
the data that are detailed in Sect. 5: (1) a ‘Pair’ fit (Eq. 4),
which is a generalisation of Eq. 1, leading to magnitude esti-
mations for the primary and secondary components (Gp and
Gs), their separation ⇢ and their position angle ✓; and (2)
a small-separation simpler ’Sine’ fit (Eq. 5) which has the
same parameterisation as Eq. 1 and of which the amplitude
aG is comparable to that of aipd (despite being of di↵erent
unit), see also Fig. A.6 of Appendix A. Depending on the
separation, the phase ✓G is ±90� o↵set to 'ipd (as is the case
here) or similar in value. Note that this second simpler model
can perform better than Eq. 4 for small separations, espe-
cially in cases where the secondary peak is never resolved,
and it is provided for all photometric sources with available
time series in Appendix A. The goodness of both fits are indi-
cated as �2

red. The bottom panel shows an approximate recon-
struction of the source environment using the SEAPipe algo-
rithm (Harrison 2011, see also Sect. 7.6). In this example, as
in many other cases with partially resolved pairs, AGIS was
unable to determine a full solution, so only a two-parameter
solution is available in DR3. As can be seen, the G-band pho-
tometry strongly depends on the scan angle, with fainter val-
ues for the scans where IPD was able to detect and mask the
secondary peak (labelled as “Multi” in the top panel). In
the unresolved scans (“Single”), both peaks are combined
in the IPD fitting, leading to an artificially brighter value. In
this case, the separation is large enough to allow for a rather
high  of 29% and a good fit with the pair model. BP and RP
photometry is mostly constant thanks to the larger windows
used there. Finally, the smaller (better) epoch GoF values are

5 The Gaia scan angle is defined as  = 0 when the field-of-view is
moving towards local North, and  = 90� towards local East, which is
di↵erent from that used for Hipparcos (e.g. F. van Leeuwen 2007).
6 See Gaia archive documentation for ipd_gof_harmonic_phase.

Fig. 7. SourceID 389636619892245248: Scan-angle signatures from a
partially resolved double star with similar magnitudes and a separation
of about 130 mas between the two components (determined by IDU
for DR4). Top panel shows the unpublished IPD epoch GoF values de-
termined by IDU in DR3, where we indicate the scans for which the
IPD detected multiple peaks. Central panel shows the brightness in the
G band as provided by the epoch photometry table published in DR3,
as well as BP and RP photometry to illustrate the di↵erences in that
instrument. It also includes the fits to G using Eq. 4 (pair model) and
Eq. 5 (sinusoidal model). Bottom panel shows the image reconstructed
by SEAPipe, with grey dashed circles at increasing radii in steps of
250 mas from the image centre. See text for further details.

found in the scans where the two peaks are not resolved, as
expected. For completeness, the central panel also includes
the G-band observations that were rejected during variabil-
ity processing and excluded from our fitting procedure, i.e.,
with variability_flag_g_reject=true.

2. A resolved binary, where the GoF is expected to be
smaller (better) when the scan is along the arc joining
the two components (along the position angle), and the
ipd_frac_multi_peak value should be high.
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during its initial runs for DR4, as well as some unpublished
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as aipd, 'ipd, and , together with the time series of the IPD
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sit) in G, GBP and GRP. For the G we include two fits to
the data that are detailed in Sect. 5: (1) a ‘Pair’ fit (Eq. 4),
which is a generalisation of Eq. 1, leading to magnitude esti-
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a small-separation simpler ’Sine’ fit (Eq. 5) which has the
same parameterisation as Eq. 1 and of which the amplitude
aG is comparable to that of aipd (despite being of di↵erent
unit), see also Fig. A.6 of Appendix A. Depending on the
separation, the phase ✓G is ±90� o↵set to 'ipd (as is the case
here) or similar in value. Note that this second simpler model
can perform better than Eq. 4 for small separations, espe-
cially in cases where the secondary peak is never resolved,
and it is provided for all photometric sources with available
time series in Appendix A. The goodness of both fits are indi-
cated as �2
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the unresolved scans (“Single”), both peaks are combined
in the IPD fitting, leading to an artificially brighter value. In
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high  of 29% and a good fit with the pair model. BP and RP
photometry is mostly constant thanks to the larger windows
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5 The Gaia scan angle is defined as  = 0 when the field-of-view is
moving towards local North, and  = 90� towards local East, which is
di↵erent from that used for Hipparcos (e.g. F. van Leeuwen 2007).
6 See Gaia archive documentation for ipd_gof_harmonic_phase.

Fig. 7. SourceID 389636619892245248: Scan-angle signatures from a
partially resolved double star with similar magnitudes and a separation
of about 130 mas between the two components (determined by IDU
for DR4). Top panel shows the unpublished IPD epoch GoF values de-
termined by IDU in DR3, where we indicate the scans for which the
IPD detected multiple peaks. Central panel shows the brightness in the
G band as provided by the epoch photometry table published in DR3,
as well as BP and RP photometry to illustrate the di↵erences in that
instrument. It also includes the fits to G using Eq. 4 (pair model) and
Eq. 5 (sinusoidal model). Bottom panel shows the image reconstructed
by SEAPipe, with grey dashed circles at increasing radii in steps of
250 mas from the image centre. See text for further details.

found in the scans where the two peaks are not resolved, as
expected. For completeness, the central panel also includes
the G-band observations that were rejected during variabil-
ity processing and excluded from our fitting procedure, i.e.,
with variability_flag_g_reject=true.

2. A resolved binary, where the GoF is expected to be
smaller (better) when the scan is along the arc joining
the two components (along the position angle), and the
ipd_frac_multi_peak value should be high.
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SeaPipe image of source id: 389636619892245248 

r ipd = 0.96

ψ = 30°
ψ = -60°

G 

GBP

GRP

Reason	only	G	and	r	ipd,G	affected:	

• IPD	LSF	fitting	only	applied		
in	AF,	thus	G.

https://ui.adsabs.harvard.edu/abs/2022arXiv221211971H/abstract
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What's the connection with 

spurious 


periods?
Questions	to	answer:		
• Why	at	these	periods?	
• What	causes	different	peaks?
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Illustration of distribution of scan angles

Following FoV
scan angle  

Preceding FoV
scan angle  

  

   Scan angle is wrt to Equatorial pole:

0

6
0

120

18
0180 24
0

30
0

- 9 0

- 6 0 - 6 0

- 3 0 - 3 0

0 0

30 30

60 60

Scanning law similar for each  
ecliptic latitude! So we adopt 

ecliptic scan angle:

For each position we add an offset  
to all its (equatorial) scan angles  

to re-orient them toward the ecliptic pole.
Appendix	D	of	Holl,	Fabricius,	Portell,	et	al.	(2023)

Equatorial (5yr NSL) Ecliptic (5yr NSL)

https://ui.adsabs.harvard.edu/abs/2022arXiv221211971H/abstract
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Ecliptic scan angle distribution
NSL in ecliptic coordinates (5 yr)
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Fig	3	of	Holl,	Fabricius,	Portell,	et	al.	(2023)

DR3 (33 months)

0%

0.2%

0.4%

0.6%

0.8%

1.0%

1.2%

1.4%

1.6%

0%

1%

2%

3%

4%

5%
Longitude 90o

All longitudes

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
ec

lip
tic

 la
tit

ud
e 

[d
eg

]

−90

−60

−30

0

30

60

90

−60

−30

0

30

60

90

ecliptic scan angle [deg]
−180 −120 −60 0 60 120 180

0%

0.2%

0.4%

0.6%

0.8%

1.0%

1.2%

1.4%

1.6%

0%

1%

2%

3%

4%

5%
Longitude 90o

All longitudes

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
ec

lip
tic

 la
tit

ud
e 

[d
eg

]

−90

−60

−30

0

30

60

90

−60

−30

0

30

60

90

ecliptic scan angle [deg]
−180 −120 −60 0 60 120 180

Intersection	of	white	line	(left)	are	observations	of	source	at	the	white	dot	(right)	

• specific	scan	angles	are	avoided,	while	others	occur	more	frequent,		
depending	on	ecliptic	latitude	(height	of	white	line).

https://ui.adsabs.harvard.edu/abs/2022arXiv221211971H/abstract
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Ecliptic scan angle distribution
NSL in ecliptic coordinates (5 yr)
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Fig	3	of	Holl,	Fabricius,	Portell,	et	al.	(2023)

DR3 (33 months)

All longitudes combined

one longitude

https://ui.adsabs.harvard.edu/abs/2022arXiv221211971H/abstract
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Ecliptic scan angle distribution
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Fig	3	of	Holl,	Fabricius,	Portell,	et	al.	(2023)

DR3 (33 months)

For sources close to  
the ecliptic equator:

No scan angles in  
'Eyes of Sauron' 

https://ui.adsabs.harvard.edu/abs/2022arXiv221211971H/abstract
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Ecliptic scan angle distribution
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Fig	3	of	Holl,	Fabricius,	Portell,	et	al.	(2023)

DR3 (33 months)

For sources close to  
the ecliptic equator:

Many scan angles around  
'Eyes of Sauron'

https://ui.adsabs.harvard.edu/abs/2022arXiv221211971H/abstract
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Ecliptic scan angle distribution

0%

0.2%

0.4%

0.6%

0.8%

1.0%

1.2%

1.4%

1.6%

0%

1%

2%

3%

4%

5%
Longitude 90o

All longitudes

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
ec

lip
tic

 la
tit

ud
e 

[d
eg

]

−90

−60

−30

0

30

60

90

−60

−30

0

30

60

90

ecliptic scan angle [deg]
−180 −120 −60 0 60 120 180

Fig	3	of	Holl,	Fabricius,	Portell,	et	al.	(2023)

DR3 (33 months)

Rather 'equal' distribution  
towards ecliptic poles

https://ui.adsabs.harvard.edu/abs/2022arXiv221211971H/abstract
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What's the connection with 

spurious 


periods?
Questions	to	answer:		
• why	at	these	periods?

Find 1: Sky position (ecliptic latitude)  
determines scan angle distribution
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What do scan angle signals look like?

scan angle

We	have	already	seen	an	example	for	small-separation	pair!

Simplification warning (see paper):  
signal more asymmetric when separation increases,  
and astrometric signal looks different.

Eq.	5	of	Holl,	Fabricius,	Portell,	et	al.	(2023)

Photometry

For small-angle separations  
the model has same shape  
as the IPD harmonic model!

B. Holl, C. Fabricius, J. Portell, et al.: Gaia DR3: scan-angle dependent signals and spurious periods
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Fig. 18. Simulation of the magnitude bias, �G, for the brighter compo-
nent of a close source pair for five di↵erent separations and as a function
of the di↵erence between the position angle of the scan and the posi-
tion angle of the fainter component. The magnitude di↵erences are Top:
0.5 mag; Bottom: 2.5 mag, respectively.

separation is small enough that the spectra of the two sources are
both contained within the observing window.

We obtain a crude representation of the simulated variation
of the observed magnitude with scan angle from the following
expression, which is inspired by the discussion in Lindegren
(2022):

G( ) = Gp + g exp
0
BBBBB@�

1
2

 
⇢ cos( � ✓)

b

!21CCCCCA (4)

where:

– Gp is the magnitude of the primary component;
– g = �2.5 log

�
1 + 10�0.4(Gs�Gp)� ;

– Gs is the magnitude of the secondary component;
– ⇢ is the angular separation of the pair;
– ✓ is the position angle of the secondary;
–  is the position angle of the scan;
– b is a measure of the width of the LSF.

This can only serve as a first approximation. The problem-
atic quantity is the width, b, which takes smaller values for larger
magnitude di↵erences, where the secondary has only a small ef-
fect on the image shape. For the simulations shown in Fig. 18,
values of b = 74 mas and b = 90 mas are representative for
the larger and smaller magnitude di↵erence, but we expect that
larger values are needed for the actual observations. We have
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Fig. 19. Simulation of the positional bias for the brighter component of
a close source pair for five di↵erent separations and as a function of the
di↵erence between the position angle of the scan and the position angle
of the fainter component. The magnitude di↵erences are Top: 0.5 mag;
Bottom: 2.5 mag, respectively.

used b = 100 mas in the fits shown in Figs. 7 to 9 and tabulated
in Table 1.

We note that the fundamental frequency of Eq. 4 is at two
times the scan angle (as seen next in Eq. 5) and that higher har-
monics are implicitly constrained to even multiples of the scan
angle. This will be a relevant observation when simulating the
propagation of this bias signal into a period detection algorithm
in Sect. 5.4, where we sample several harmonic components sep-
arately. It is important to point out that we adopted the simplified
assumption that the position angle does not significantly change
over the mission duration and thus can be considered as constant.
Taking into account changing position angles would cause non-
trivial distortions of the induced signal that are beyond the scope
of this work.

5.2.1. Photometric bias model at small separations

For small separations, relative to the LSF width, the expression
in Eq. 4 can be approximated with a sinusoidal expression, al-
ready introduced in Eq. 1 to fit the natural logarithm of the IPD
goodness of fit, but thus also adequate to model the a↵ected G
photometric signal:

G( ) = c0 + c2 cos 2 + s2 sin 2 , (5)

where

– c0 = Gp + g � 1
4 g ⇢2

b2 ,
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What do scan angle signals look like?

scan angle

We	have	already	seen	an	example	for	small-separation	pair!

Detectability relates to phase*  
of the scan-angle signal  
and ecliptic latitude (to 1st order). 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What's the connection with 

spurious 


periods?
Questions	to	answer:		
• why	at	these	periods?

Find 2: Signal shape, phase and source position 
determine detectability of signal.



Berry Holl, Ecogia science meeting, 3 April 2023 42

How is this signal seen by period search*?
We	have	already	seen	an	example	for	small-separation	pair!

*Generalised Least Squares most significant peak.

Eq.	5	of	Holl,	Fabricius,	Portell,	et	al.	(2023)

P= 25 days

Phase scan angle

What is the period distribution  
for a simulated all-sky distribution of sources  
with such scan-angle signals? 

https://ui.adsabs.harvard.edu/abs/2022arXiv221211971H/abstract
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B. Holl, C. Fabricius, J. Portell, et al.: Gaia DR3: scan-angle dependent signals and spurious periods
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Fig. 22. Comparison between the unpublished observed period distribution of an all-sky photometric sample (top panel, red line, same as top panel
of Fig. 16) and that predicted by our noiseless sampled bias model of Eq. 7 for di↵erent scan angle harmonics k (purple lines in following panels).
See Figs. C.2 and C.3 for ecliptic sky maps and Figs. C.4 and C.5 for spurious-period-folded time series of the most prominent peaks.
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Fig. 23. Same as Fig. 22 but for the published Gaia Andromeda Photometric Survey (GAPS) photometry. The top panel (orange line) is the same
data as in the second panel of Fig. 16. See the green circles in Figs. C.2 and C.3 for ecliptic sky maps of the most prominent peaks.

a specific time series (e.g. G in magnitude), and the IPD GoF
model sampled at the scan angles of the time series observations:

ripd = fSpearmanCor
⇣
{SGi( i), Mipd( i) | i 2 1, ...,N }

⌘
(8)

with S =
(

1, if G in flux
�1, if G in magnitude

with i being the observation index in the time series of a source
having a total of N observations, and  i the associated scan an-
gle. Note that the Spearman correlation is rank-based, i.e., it is
insensitive to the specific magnitude di↵erences of values and
only measures the level of correlated increase or decrease be-
tween the two input time series. It means that we do not need to
normalise our values and it makes the statistic also rather robust
against (small numbers of) outliers. For example, if both time se-
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Fig. 22. Comparison between the unpublished observed period distribution of an all-sky photometric sample (top panel, red line, same as top panel
of Fig. 16) and that predicted by our noiseless sampled bias model of Eq. 7 for di↵erent scan angle harmonics k (purple lines in following panels).
See Figs. C.2 and C.3 for ecliptic sky maps and Figs. C.4 and C.5 for spurious-period-folded time series of the most prominent peaks.
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Fig. 23. Same as Fig. 22 but for the published Gaia Andromeda Photometric Survey (GAPS) photometry. The top panel (orange line) is the same
data as in the second panel of Fig. 16. See the green circles in Figs. C.2 and C.3 for ecliptic sky maps of the most prominent peaks.

a specific time series (e.g. G in magnitude), and the IPD GoF
model sampled at the scan angles of the time series observations:

ripd = fSpearmanCor
⇣
{SGi( i), Mipd( i) | i 2 1, ...,N }

⌘
(8)

with S =
(

1, if G in flux
�1, if G in magnitude

with i being the observation index in the time series of a source
having a total of N observations, and  i the associated scan an-
gle. Note that the Spearman correlation is rank-based, i.e., it is
insensitive to the specific magnitude di↵erences of values and
only measures the level of correlated increase or decrease be-
tween the two input time series. It means that we do not need to
normalise our values and it makes the statistic also rather robust
against (small numbers of) outliers. For example, if both time se-
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Fig. 22. Comparison between the unpublished observed period distribution of an all-sky photometric sample (top panel, red line, same as top panel
of Fig. 16) and that predicted by our noiseless sampled bias model of Eq. 7 for di↵erent scan angle harmonics k (purple lines in following panels).
See Figs. C.2 and C.3 for ecliptic sky maps and Figs. C.4 and C.5 for spurious-period-folded time series of the most prominent peaks.
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Fig. 23. Same as Fig. 22 but for the published Gaia Andromeda Photometric Survey (GAPS) photometry. The top panel (orange line) is the same
data as in the second panel of Fig. 16. See the green circles in Figs. C.2 and C.3 for ecliptic sky maps of the most prominent peaks.

a specific time series (e.g. G in magnitude), and the IPD GoF
model sampled at the scan angles of the time series observations:

ripd = fSpearmanCor
⇣
{SGi( i), Mipd( i) | i 2 1, ...,N }

⌘
(8)

with S =
(

1, if G in flux
�1, if G in magnitude

with i being the observation index in the time series of a source
having a total of N observations, and  i the associated scan an-
gle. Note that the Spearman correlation is rank-based, i.e., it is
insensitive to the specific magnitude di↵erences of values and
only measures the level of correlated increase or decrease be-
tween the two input time series. It means that we do not need to
normalise our values and it makes the statistic also rather robust
against (small numbers of) outliers. For example, if both time se-
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Clearly it clusters at certain spurious periods!

simulation

GLS period search response to simulated 
all-sky sources with close-pair scan angle signal

https://ui.adsabs.harvard.edu/abs/2022arXiv221211971H/abstract
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GLS period search response to simulated 
all-sky sources with close-pair scan angle signal

Fig.	22	of	Holl,	Fabricius,	Portell,	et	al.	(2023)

B. Holl, C. Fabricius, J. Portell, et al.: Gaia DR3: scan-angle dependent signals and spurious periods
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Fig. 22. Comparison between the unpublished observed period distribution of an all-sky photometric sample (top panel, red line, same as top panel
of Fig. 16) and that predicted by our noiseless sampled bias model of Eq. 7 for di↵erent scan angle harmonics k (purple lines in following panels).
See Figs. C.2 and C.3 for ecliptic sky maps and Figs. C.4 and C.5 for spurious-period-folded time series of the most prominent peaks.
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Fig. 23. Same as Fig. 22 but for the published Gaia Andromeda Photometric Survey (GAPS) photometry. The top panel (orange line) is the same
data as in the second panel of Fig. 16. See the green circles in Figs. C.2 and C.3 for ecliptic sky maps of the most prominent peaks.

a specific time series (e.g. G in magnitude), and the IPD GoF
model sampled at the scan angles of the time series observations:

ripd = fSpearmanCor
⇣
{SGi( i), Mipd( i) | i 2 1, ...,N }

⌘
(8)

with S =
(

1, if G in flux
�1, if G in magnitude

with i being the observation index in the time series of a source
having a total of N observations, and  i the associated scan an-
gle. Note that the Spearman correlation is rank-based, i.e., it is
insensitive to the specific magnitude di↵erences of values and
only measures the level of correlated increase or decrease be-
tween the two input time series. It means that we do not need to
normalise our values and it makes the statistic also rather robust
against (small numbers of) outliers. For example, if both time se-
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Fig. 22. Comparison between the unpublished observed period distribution of an all-sky photometric sample (top panel, red line, same as top panel
of Fig. 16) and that predicted by our noiseless sampled bias model of Eq. 7 for di↵erent scan angle harmonics k (purple lines in following panels).
See Figs. C.2 and C.3 for ecliptic sky maps and Figs. C.4 and C.5 for spurious-period-folded time series of the most prominent peaks.
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Fig. 23. Same as Fig. 22 but for the published Gaia Andromeda Photometric Survey (GAPS) photometry. The top panel (orange line) is the same
data as in the second panel of Fig. 16. See the green circles in Figs. C.2 and C.3 for ecliptic sky maps of the most prominent peaks.

a specific time series (e.g. G in magnitude), and the IPD GoF
model sampled at the scan angles of the time series observations:

ripd = fSpearmanCor
⇣
{SGi( i), Mipd( i) | i 2 1, ...,N }

⌘
(8)

with S =
(

1, if G in flux
�1, if G in magnitude

with i being the observation index in the time series of a source
having a total of N observations, and  i the associated scan an-
gle. Note that the Spearman correlation is rank-based, i.e., it is
insensitive to the specific magnitude di↵erences of values and
only measures the level of correlated increase or decrease be-
tween the two input time series. It means that we do not need to
normalise our values and it makes the statistic also rather robust
against (small numbers of) outliers. For example, if both time se-
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Fig. 22. Comparison between the unpublished observed period distribution of an all-sky photometric sample (top panel, red line, same as top panel
of Fig. 16) and that predicted by our noiseless sampled bias model of Eq. 7 for di↵erent scan angle harmonics k (purple lines in following panels).
See Figs. C.2 and C.3 for ecliptic sky maps and Figs. C.4 and C.5 for spurious-period-folded time series of the most prominent peaks.
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Fig. 23. Same as Fig. 22 but for the published Gaia Andromeda Photometric Survey (GAPS) photometry. The top panel (orange line) is the same
data as in the second panel of Fig. 16. See the green circles in Figs. C.2 and C.3 for ecliptic sky maps of the most prominent peaks.

a specific time series (e.g. G in magnitude), and the IPD GoF
model sampled at the scan angles of the time series observations:

ripd = fSpearmanCor
⇣
{SGi( i), Mipd( i) | i 2 1, ...,N }

⌘
(8)

with S =
(

1, if G in flux
�1, if G in magnitude

with i being the observation index in the time series of a source
having a total of N observations, and  i the associated scan an-
gle. Note that the Spearman correlation is rank-based, i.e., it is
insensitive to the specific magnitude di↵erences of values and
only measures the level of correlated increase or decrease be-
tween the two input time series. It means that we do not need to
normalise our values and it makes the statistic also rather robust
against (small numbers of) outliers. For example, if both time se-
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The observed spurious period distribution
is well reproduced with our simple model simulation!

simulation

Gaia DR3 photometry

https://ui.adsabs.harvard.edu/abs/2022arXiv221211971H/abstract
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Reproduction also in sky location

C.3	of	Holl,	Fabricius,	Portell,	et	al.	(2023)

A&A proofs: manuscript no. output
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Fig. C.3. Continuation of Fig. C.2 for longer periods of photometric data.
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Fig. C.3. Continuation of Fig. C.2 for longer periods of photometric data.
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simulation**Gaia DR3 photometry*

**uniform sky location  
and not density weighted.

*random sky sample, 
uniform sampled in mag  
but NOT in location, so  
effectively density weighted.

https://ui.adsabs.harvard.edu/abs/2022arXiv221211971H/abstract


Berry Holl, Ecogia science meeting, 3 April 2023 46

What's the connection with 

spurious 


periods?
Questions	to	answer:		
• why	at	these	periods?

Find 3:
Signal sampling analyses over all sky 
qualitatively reproduces observed 
spurious period distribution.
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GLS period search response to simulated 
all-sky sources with close-pair scan angle signal

Fig.	22	of	Holl,	Fabricius,	Portell,	et	al.	(2023)

B. Holl, C. Fabricius, J. Portell, et al.: Gaia DR3: scan-angle dependent signals and spurious periods
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Fig. 22. Comparison between the unpublished observed period distribution of an all-sky photometric sample (top panel, red line, same as top panel
of Fig. 16) and that predicted by our noiseless sampled bias model of Eq. 7 for di↵erent scan angle harmonics k (purple lines in following panels).
See Figs. C.2 and C.3 for ecliptic sky maps and Figs. C.4 and C.5 for spurious-period-folded time series of the most prominent peaks.
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Fig. 23. Same as Fig. 22 but for the published Gaia Andromeda Photometric Survey (GAPS) photometry. The top panel (orange line) is the same
data as in the second panel of Fig. 16. See the green circles in Figs. C.2 and C.3 for ecliptic sky maps of the most prominent peaks.

a specific time series (e.g. G in magnitude), and the IPD GoF
model sampled at the scan angles of the time series observations:

ripd = fSpearmanCor
⇣
{SGi( i), Mipd( i) | i 2 1, ...,N }

⌘
(8)

with S =
(

1, if G in flux
�1, if G in magnitude

with i being the observation index in the time series of a source
having a total of N observations, and  i the associated scan an-
gle. Note that the Spearman correlation is rank-based, i.e., it is
insensitive to the specific magnitude di↵erences of values and
only measures the level of correlated increase or decrease be-
tween the two input time series. It means that we do not need to
normalise our values and it makes the statistic also rather robust
against (small numbers of) outliers. For example, if both time se-
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Fig. 22. Comparison between the unpublished observed period distribution of an all-sky photometric sample (top panel, red line, same as top panel
of Fig. 16) and that predicted by our noiseless sampled bias model of Eq. 7 for di↵erent scan angle harmonics k (purple lines in following panels).
See Figs. C.2 and C.3 for ecliptic sky maps and Figs. C.4 and C.5 for spurious-period-folded time series of the most prominent peaks.
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Fig. 23. Same as Fig. 22 but for the published Gaia Andromeda Photometric Survey (GAPS) photometry. The top panel (orange line) is the same
data as in the second panel of Fig. 16. See the green circles in Figs. C.2 and C.3 for ecliptic sky maps of the most prominent peaks.

a specific time series (e.g. G in magnitude), and the IPD GoF
model sampled at the scan angles of the time series observations:

ripd = fSpearmanCor
⇣
{SGi( i), Mipd( i) | i 2 1, ...,N }

⌘
(8)

with S =
(

1, if G in flux
�1, if G in magnitude

with i being the observation index in the time series of a source
having a total of N observations, and  i the associated scan an-
gle. Note that the Spearman correlation is rank-based, i.e., it is
insensitive to the specific magnitude di↵erences of values and
only measures the level of correlated increase or decrease be-
tween the two input time series. It means that we do not need to
normalise our values and it makes the statistic also rather robust
against (small numbers of) outliers. For example, if both time se-
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Fig. 22. Comparison between the unpublished observed period distribution of an all-sky photometric sample (top panel, red line, same as top panel
of Fig. 16) and that predicted by our noiseless sampled bias model of Eq. 7 for di↵erent scan angle harmonics k (purple lines in following panels).
See Figs. C.2 and C.3 for ecliptic sky maps and Figs. C.4 and C.5 for spurious-period-folded time series of the most prominent peaks.
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Fig. 23. Same as Fig. 22 but for the published Gaia Andromeda Photometric Survey (GAPS) photometry. The top panel (orange line) is the same
data as in the second panel of Fig. 16. See the green circles in Figs. C.2 and C.3 for ecliptic sky maps of the most prominent peaks.

a specific time series (e.g. G in magnitude), and the IPD GoF
model sampled at the scan angles of the time series observations:

ripd = fSpearmanCor
⇣
{SGi( i), Mipd( i) | i 2 1, ...,N }

⌘
(8)

with S =
(

1, if G in flux
�1, if G in magnitude

with i being the observation index in the time series of a source
having a total of N observations, and  i the associated scan an-
gle. Note that the Spearman correlation is rank-based, i.e., it is
insensitive to the specific magnitude di↵erences of values and
only measures the level of correlated increase or decrease be-
tween the two input time series. It means that we do not need to
normalise our values and it makes the statistic also rather robust
against (small numbers of) outliers. For example, if both time se-
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Main conclusion
Majority of scan-angle signals  
and spurious periods caused by:

‣fixed-orientation optical pairs 
with separation < 0.5′′ 
(amongst which binaries with P ≫ 5y)  

‣and (cores of) distant galaxies. 
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What's 

next?
‣DR4 has improved close-pair IPD resolution

‣ Improved identification and modelling
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Binnenfeld et.al., 2022 presented model independent decoupling tool.

Binnenfeld,	Shahaf,	Anderson,	Zucker,	2022

Period (via phase)scan angle

Photometry / 
Spectra / RV

● Distance Correlation estimation between scan angle and G-band 
photometry: they demonstrated it works!  

● Work in progress to use this in our analyses. 

‣ Improved identification and modelling

https://ui.adsabs.harvard.edu/abs/2022A&A...659A.189B/abstract

