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Strong magnetic fields of old white dwarfs are symmetric about the stellar rotation axes
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Abstract

Many magnetic white dwarfs exhibit a polarised spectrum that periodically varies as the star rotates because the magnetic field is not symmetric about the rotation axis. In this work, we report the discovery that while weakly magnetic white dwarfs of all ages with M ≤ 1 M⊙ show polarimetric variability with a period between hours and several days, the large majority of magnetic white dwarfs in the same mass range with cooling ages older than 2 Gyr and field strengths ≥ 10 MG show little or no polarimetric variability. This could be interpreted as extremely slow rotation, but a lack of known white dwarfs with measured periods longer than two weeks means that we do not see white dwarfs slowing their rotation. We therefore suggest a different interpretation: old strongly magnetic white dwarfs do not vary because their fields are roughly symmetric about the rotation axes. Symmetry may either be a consequence of field evolution or a physical characteristic intrinsic to the way strong fields are generated in older stars. Specifically, a strong magnetic field could distort the shape of a star, forcing the principal axis of maximum inertia away from the spin axis. Eventually, as a result of energy dissipation, the magnetic axis will align with the angular momentum axis. We also find that the higher-mass strongly magnetised white dwarfs, which are likely the products of the merging of two white dwarfs, may appear as either polarimetrically variable or constant. This may be the symptom of two different formation channels or the consequence of the fact that a dynamo operating during a merger may produce diverse magnetic configurations. Alternatively, the massive white dwarfs with constant polarisation may be rotating with periods much shorter than the typical exposure times of the observations.
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1 Introduction
Most white dwarfs do not show any variability, and more than 97% of them can be safely considered as suitable flux standard stars (Hermes et al. 2017). Because of flux stability, it is generally impossible to measure the rotation period of white dwarfs except when they pulsate or when they have a magnetic field.
It is well known that magnetic white dwarfs often show periodically variable signals of polarisation and sometimes also periodic photometric variability. In the local 20 pc volume, more than 20% of white dwarfs have a magnetic field (Bagnulo & Landstreet 2021), and about 20% of the magnetic white dwarfs are photometrically variable (Farihi et al. 2024). Polarimetric variability is explained in terms of a magnetic field not symmetric about the rotation axis so that the magnetic configuration seen by the observer (as encoded in the polarisation signal) varies as the star rotates. The causes of photometric variability are not well understood (see, e.g., Bagnulo et al. 2024b), yet photometric variability of non-pulsating white dwarfs is so clearly correlated with the presence of the magnetic field variations that one may hypothesise that all non-pulsating white dwarfs with light variations are magnetic. If a star belongs to the small class of white dwarfs with a well-detected light curve, then the rotational period may usually be deduced from photometry (see Brinkworth et al. 2013; Hernandez et al. 2024; Oliveira da Rosa et al. 2024), but, in general, the time series of polarisation measurements may allow one to recover the rotational period of a larger sample of magnetic white dwarfs.
Investigations of magnetic fields and of rotational periods are closely related not only because the presence of a magnetic field enables period measurements but also because one could expect that the occurrence of a magnetic field and its strength is physically related to stellar rotation. For example, should the field be supported by a dynamo, one could predict fields to be stronger in more rapidly rotating stars than in those that are more slowly rotating. Correlations between the presence of a magnetic field and the rotational period of a star exist even when the field has a fossil origin. Most of the chemically peculiar stars of the main sequence (Ap and Bp stars) have a fossil magnetic field, and they all rotate more slowly than the non-magnetic non-chemically peculiar stars in the same region of the Hertzsprung-Russel diagram (e.g. Donati & Landstreet 2009). Some of the magnetic Ap and Bp stars have well measured rotational periods as long as several months, years, or even decades (e.g. γ Equ, Leroy et al. 1994). There is no clear explanation for this well-established correlation between magnetic fields and slow stellar rotation.
In the case of white dwarfs, various samples of data have gradually become available in the past few years to constrain possible scenarios for the evolution of their magnetic fields. It now appears that among the normal-mass white dwarfs (M ≃ 0.6 M⊙) that largely descend from single-star evolution, magnetic fields are very rare and weak during the first 1–2 Gyr of cooling but then gradually become much more common and often very strong after about 2–3 Gyr of cooling (Bagnulo & Landstreet 2021). This evolution may occur as a result of gradual relaxation to the surface of fields present in stellar cores during earlier evolution and/or as a result of the operation of a dynamo during core crystallisation (Isern et al. 2017; Schreiber et al. 2021; Bagnulo & Landstreet 2021, 2022; Ginzburg et al. 2022). Among normal-mass stars, those with a magnetic field seem to rotate faster than non-magnetic white dwarfs (Hernandez et al. 2024), supporting the idea that crystallisation-driven dynamo may play a role in the formation of their magnetic fields. Many highly massive white dwarfs (M ≥ 1.0 M⊙), which are probably the product of mergers of two white dwarfs, appear magnetic very early in their cooling age, and the origin of the magnetic field may be due to a dynamo operating during the merging (Tout et al. 2008; García-Berro et al. 2012; Briggs et al. 2015; Bagnulo & Landstreet 2022). This idea is supported also by the evidence that some white dwarfs have very short rotation periods (e.g. Feige 7: 131 min, Liebert et al. 1977; Cl Oct: 12.1 min, Barstow et al. 1995; WD 2209+113: 70 s, Kilic et al. 2021).
At the same time, some polarimetric studies have hinted that a few old magnetic white dwarfs with a field strength of the order of tens of to a hundred megagauss have extremely long rotational periods, showing at most quite small variations even on timescales of decades (e.g. Berdyugin & Piirola 1999; Bagnulo & Landstreet 2019b). Traditionally, this lack of obvious variability is explained by the assumption that such non-varying magnetic white dwarfs have very long rotation periods of the order of centuries (Schmidt & Norsworthy 1991). In the absence of clear observational support or contradiction, this assumption has been widely accepted (e.g. Ferrario et al. 2015). The conclusion is basically that the known periods, P, fall into two very different families: one with P ≲ 2 weeks, characterising most of the sample, and a few percent with strong fields that have periods of centuries (i.e. no clearly detected rotation). There is no explanation as to why some old white dwarfs would have extremely long rotation periods. Magnetic braking has generally been invoked but without the support of numerical calculations.
In this work, we report new polarimetric observations and combine them with data collected from the literature. We analyse the magnetic variability and thus the rotation of a sample of 74 white dwarfs, and we discuss the constraints that these data place on possible evolution paths for magnetic fields in white dwarfs.
2 Polarimetric observations of magnetic white dwarfs
2.1 Observations not previously published
We present here 49 unpublished spectropolarimetric observations of 13 magnetic white dwarfs. Fourteen spectra of six white dwarfs were recently obtained with the FORS2 instrument (Appenzeller et al. 1998) of the ESO VLT in the course of a spectropolarimetric survey of the solar neighbourhood. Seven polarised spectra of two other white dwarfs were retrieved from the ESO archive: one of the spectra was obtained with FORS1 and the remaining ones with FORS2 (we note that FORS1 and FORS2 are virtually identical instruments). Fourteen new spectra of four white dwarfs were obtained with the ISIS instrument of the William Herschel Telescope (WHT). For all of these data, the observing strategy and data reduction are identical to the procedures described by Bagnulo & Landstreet (2018) for circular polarisation data and by Bagnulo & Landstreet (2019b) for linear polarisation data. For two of the four stars recently observed with ISIS, we also present here three previously unpublished spectra obtained in the 1970s that we used to study the long-term variability of magnetic white dwarfs. These data consist of low-resolution polarised spectra obtained by Angel and Landstreet using the multi-channel spectrophotometer (hereafter MCSP) on the 5-m Palomar telescope. The instrument set-up and data reduction of these observations are described in detail by Angel & Landstreet (1974). Finally, eleven spectra of WD 1105–340 were obtained with the ESPaDOnS instrument of the Canada-France-Hawaii Telescope (CFHT). These data were reduced by the automatic CFHT pipeline LibreEsprit.
The log of these unpublished observations is given in Table A.1, and results are described in the sections dedicated to individual stars of Appendix B. Apart from their general purpose of assessing polarimetric variability, our new observations confirm that star WD 1116–470 is magnetic (it was previously considered as suspected to be magnetic by Bagnulo & Landstreet 2021) and bring the number of magnetic white dwarfs in the local 20 pc volume to 34 (see Bagnulo & Landstreet 2021). We have also discovered two new massive magnetic white dwarfs: WD 1619+054 and WD 1754–550 (both rapidly variable).
2.2 Literature data
We searched the literature and collected data for all magnetic white dwarfs that were observed in polarimetric mode at least twice as well as for all magnetic white dwarfs for which multiple spectroscopic intensity observations revealed magnetic variability. The way literature data and new observations have been used is described in the next section.
3 Determination of the variability of the magnetic white dwarfs
We are interested in establishing whether the magnetic field of a white dwarf appears constant or variable with time to the observer. Magnetic variability is ascribed to changes in the apparent field geometry as a star rotates. It can be detected mainly via circular spectro- or broadband polarimetry, which are both sensitive to the longitudinal component of the magnetic field. Linear polarisation, which is sensitive to the transverse component of the magnetic field, is usually much weaker than circular polarisation, and it is rarely detected in white dwarfs. Intensity spectra (if the star is not featureless) are sensitive to the mean field modulus and may also be used to detect magnetic variability, but they are less sensitive to changes of the apparent magnetic configuration than polarimetry. Magnetic white dwarfs that have been repeatedly observed in spectroscopic mode and that do not show sign of variability have not been considered here because having observed a constant intensity spectrum is not a sufficiently strong indication that a star is not magnetically variable. An example is WD 2047+372, as it shows an almost constant Zeeman triplet in multi-epoch intensity spectra and a variable, sign-reversing circular polarisation spectrum (Landstreet et al. 2017).
Photometric variability is observed in magnetic white dwarfs, but in the absence of convincing observational evidence or theoretical arguments, we have chosen not to consider it alone as a proxy for magnetism nor magnetic variability. For example, Brinkworth et al. (2013, see in particular their Tables 1 and 3) detected light variability for a number of magnetic stars. For many of them, however, the light amplitude is quite low, and there are no multi-epoch polarimetric data to confirm magnetic variability. Furthermore, recent analysis of TESS data made by Hernandez et al. (2024) and Oliveira da Rosa et al. (2024) failed to detect a periodic light curve for many of these targets. These stars are not included in our sample. In summary:
(1) Two or more intensity spectra, or polarisation spectra, or broadband polarisation measurements that clearly differ from each other are interpreted as being due to magnetic variability.
(2) Repeated observations of circular polarisation (either spectropolarimetry or broadband polarimetry) that are consistent among themselves within uncertainties are interpreted as evidence of a lack of magnetic variability (that is, the observer always sees the same magnetic configuration).
(3) No conclusion will be drawn from a series of intensity spectra obtained in different epochs that appear similar to each other within uncertainties.
(4) Photometric variability that is not associated with observed spectroscopic or polarimetric variability will not be used to decide that a star is magnetically variable.
We gathered reasonable evidence for polarimetric variability, or non-variability, for the sample of 74 magnetic white dwarfs listed in Table 1. Admittedly, for some stars, we found that establishing whether or not two or more observations are consistent among themselves was somewhat subjective. In Sect. 5.3, we argue that our results are not affected by these uncertain cases. Appendix B discusses in detail all individual stars. In this section, we summarise the results and flag special cases.
Among the 74 white dwarfs, 44 are magnetically variable (Sect. 3.1), while for 27 there is so far no evidence of variability (Sect. 3.2). The remaining three white dwarfs, which have strong fields and have been observed over several decades, may be further tested for subtle or possibly very slow variability (Sect. 3.3).
3.1 Stars that show evidence of magnetic variability
For 30 white dwarfs among the 44 stars that show polarimetric variability, a rotational period, or at least a good candidate for it, has been established in the literature. This period is given (in days) in the last column of Table 1 and is followed by ‘:’ when only tentative or approximated values are known. Rotational periods are generally of the order of hours; about 25% are of the order of one day or longer, and only two stars have a rotation period longer than one week (the slowest magnetic white dwarf for which the period is known, WD 2316+123, has P ≃ 17.4 d, Schmidt & Norsworthy 1991). Most of these stars were listed in Table C.1 of Hernandez et al. (2024), and they are shown with blue symbols in Fig. 1 of Sect. 4.
Among the other 14 variable stars, we do not have enough data to estimate the rotation period. For ten of them, the evidence of polarimetric variability has been securely established by two or more observations. These ten variable stars are marked in last column of Table 1 with ‘var.’ and are also represented with a blue symbol in Fig. 1. The remaining four white dwarfs show subtle signs of variability among the observations obtained with the same instrument. They are marked in Table 1 with ‘var.:’ and are shown with light blue symbols in Fig. 1. For WD 0446–789 and WD 1009-184, our conclusion is that the field variations are real but small due to a configuration probably nearly symmetric about the rotation axis. WD 1105–048 was repeatedly observed with FORS1, FORS2, and ESPaDOnS, and a field was detected on only two occasions out of 12 observing epochs. If the star is magnetic, then it is certainly variable with a timescale of the order of days or weeks, but, admittedly, one could suspect that the two detections are in fact spurious. We decided to define the star as a probable variable star. WD 2049–222 shows a signal of polarisation that is marginally higher than instrumental polarisation, but for the reasons explained in Appendix B.68, we decided to consider its subtle variations as real.
3.2 Stars for which there is no evidence of magnetic variability
Nineteen stars have been observed three or more times in polarimetric mode, and the observations are always consistent among themselves within uncertainties. We consider these stars as established non-variable white dwarfs. They are marked with ‘n.v.’ in Table 1 and represented with red symbols in Fig. 1. Among these 19 stars, four were observed over a time interval of decades and with different instruments: WD 0548−001 = G 99-37, WD 0553+053 = G 99-47, WD 1036−204 = LP 790−29, and WD 1829+547 = G 227-35. Obviously, it is possible that the other members of this group of ‘non-variable stars’, for which the observations span a time interval of up to a few months or years, are actually variable on a timescale of decades and that as such they could be stars with (so far undetected) long-term variability.
Eight stars should be considered simply as candidate non-variable white dwarfs (‘n.v.:’ in Table 1 and magenta symbols in Fig. 1). For seven of them, the reason for considering them only as candidate non-variable stars is that they have only been observed twice. In particular we mention that for normal-mass WD 0236−269 and for the massive WD 0330−000, the non-variability is inferred based on comments in the original discovery paper by Schmidt et al. (2001), which represents especially weak evidence. Another candidate non-variable star, WD 1750−311, was observed only once (with FORS2). The comparison of spectra obtained within that single observing series shows some change of circular polarisation and certainly a rapidly variable intensity spectrum (timescale of minutes) in the regions of the Balmer lines, particularly around Hβ. The star also shows photometric variability with a 35-min period (Macfarlane et al. 2017). Our interpretation is that WD 1750−311 is probably a magnetic white dwarf with a field symmetric, or nearly symmetric about the rotation axis, showing strong abundance patches of hydrogen.
3.3 Stars possibly subtly or slowly variable
There are three stars that have been monitored for decades, WD 1748 +708 = G 240+708, WD 1900+310 = Grw+70º 8247, and WD 2010+310 = GD 229, for which our conclusions are uncertain. These stars, marked with ‘s.v.:’ in Table 1 and shown with black symbols in Fig. 1, may indeed show some low amplitude and possible long-term variability, but there might be room for a different interpretation. The recent detailed comparison of old and new polarisation spectra of Grw+70° 8247 by Bagnulo & Landstreet (2019b) identifies small changes between spectra taken decades apart (see in particular their Fig. 5), but for the two other stars, it is not entirely clear which changes are real and which are due to differences between observational equipment and techniques. Bagnulo & Landstreet (2019b) assumed that timescales of the observed small changes were those corresponding to the large time gaps between isolated data sets. However, because the changes are generally small, one could argue that the subtle changes have timescales as short as weeks and have not have been noticed because the stars were not adequately monitored. For example, as previously discussed, WD 1105−048 appears constant (and non-magnetic) in ten out of 12 observations, and a magnetic field was detected in only two epochs. In case of WD 1748+708, photometry leads to ambiguous results. The star was found photometrically variable with a period between 5 and 48 h by Antonyuk et al. (2016). Brinkworth et al. (2013) did not confirm its short-term photometric variability (nor did Hernandez et al. 2024) but instead claimed detection of light changes over a period of ten months.
Table 1 
Stars used in this work, their main physical parameters, and a note on their magnetic variability.

4 Clustering in parameter space
In this section, we correlate the variability or non-variability of the stars with their mass, field strength, and stellar temperature. The left panels of Fig. 1 show the field strength versus effective temperature and cooling age for the stars of our sample, with the cooling age on both a linear scale and a logarithmic scale. In these plots, stars are represented with symbols that increase in size with a star’s mass, while different colours are used to mark the characteristics in terms of variability. The right panels of Fig. 1 show the cooling age-mass diagrams for the same sample, with cooling age reported again both with linear and logarithmic scales. The size of the symbols is proportional to the field strength. With the help of these figures and Table 1, we studied the relationships between field strength, mass, age, and variability of the magnetic white dwarfs. We recall that our data do not come from a volume-limited sample of stars and do not reflect the relative density of magnetic white dwarfs in different regions of the diagrams of Fig. 1. In fact, both young magnetic normal-mass white dwarfs and ultra-massive white dwarfs are quite rare objects in space, and they are over-represented in our sample because of biases of the surveys (see Bagnulo & Landstreet 2022). The following analysis is about the relative frequency of variable and non-variable stars in different regions of the diagrams where we noticed the existence of statistically remarkable differences.
4.1 Normal-mass and weakly magnetic white dwarfs
There are 25 white dwarfs with a field strength of ≤ 1 MG, and all of them but one (WD 2051-208) have M ≤ 1.0 M⊙. These ‘normal-mass’ ‘weak-field’ white dwarfs span an age range up to τ ≈ 6 Gyr. Twenty-one of these 24 stars are variable. Among the three that are non-variable, one is younger than 1 Gyr: WD 1105−340 (τ = 0.34 Gyr).
4.2 Normal-mass and strongly magnetic white dwarfs
There are 25 magnetic white dwarfs with M ≤ 1.0 M⊙ and field strength of ≥ 10 MG. Among those that are younger than 2 Gyr, six out of eight white dwarfs are variable; however, we recall that young strongly magnetic white dwarfs are rare in space (Bagnulo & Landstreet 2022). Among the magnetic white dwarfs older than 2 Gyr, only one out of the 17 shows polarimetric variability.
4.3 Massive magnetic white dwarfs
Fifteen stars of our sample have M > 1.0 M⊙, and all but one are younger than about 1 Gyr. Eight of them are magnetically variable, including the only old (τ ≃ 4 Gyr) star WD 0756+437. Nearly all of these massive magnetically variable white dwarfs have a strong field (tens to hundreds megagauss), except for WD 2051−208, which is the only ultra-massive star (M = 1.2 M⊙) with a sub-MG field strength (0.25 MG) in our sample.
In contrast, seven massive magnetic white dwarfs show no obvious signs of variability, although none of them may be safely considered as non-variable, either because they were observed only twice (or even just once, i.e. WD 1750−311; see Appendix B.60) or because some subtle sign of variability may have been detected (in WD 1900+705 and WD 2010+310). WD 1658+440 and WD 1750−311 are the only massive non-variable white dwarfs in our sample with a field as low as ≈2 MG. The remaining five non-variable stars have magnetic fields with strengths of the order of hundreds of megagauss.
	[image: thumbnail]	Fig. 1 Correlations between field strength, magnetic variability, and other stellar parameters. Left panels: field strength versus effective temperature and versus cooling age for variable and non-variable stars of Table 1. The size of the symbols is related to the mass of the star as shown in the legend. Red symbols refer to stars that were observed at least three times with no evidence for variability; magenta symbols are for stars that were observed only twice and are tentatively assumed non-variable. Blue symbols refer to stars that show variability. Light blue symbols indicate stars that show marginal but probably real signs of variability, maybe due to a field nearly aligned with the rotation axis. Black symbols are used for stars that show signs of long-term variability that we were not able to interpret. Right panels: temperature-mass and cooling age-mass diagrams for the same sample of stars. The size of the symbols is related to the field strength as shown in the legend. The meaning of the colour is the same as for the left panels. Black lines represent the onset of crystallisation (solid line for H-thick envelop and dashed line of H-thin envelop) obtained via interpolation of the cooling tables by Bédard et al. (2020). In all panels, the yellow vertical and horizontal lines highlight the position of the box tick marks. We recall that these diagrams do not refer to a volume-limited sample and that both young normal-mass magnetic white dwarfs and highly massive magnetic white dwarfs, which are rare objects in space, are over-represented.



	[image: thumbnail]	Fig. 2 Probability density functions of the non-variable fields in normal-mass white dwarfs with the age and field strength specified in the legend.



4.4 Statistical analysis of normal-mass white dwarfs
Because we have only one example of an old massive magnetic white dwarf, we do not know how variability in massive magnetic white dwarfs evolves with time. Vice versa, an evolutionary path is clearly seen in normal-mass (M ≲ 1 M⊙) white dwarfs. In our sample, field variability is nearly ubiquitous among weakly magnetic white dwarfs of all ages and in young white dwarfs regardless of the field strength, it is but very rare in old (τ ≥ 2 Gyr) strongly magnetic (B ≥ 10 MG) white dwarfs. Next, we assess the statistical significance of this pattern, specifically whether it can be attributed to small number statistics or if it reflects a genuine correlation between cooling age, field strength, and field variability.
We first split the sample of stars with M ≤ 1 M⊙ into two groups: those younger than 2 Gyr and those older than 2 Gyr. Each of these two groups was divided into two subsets: stars with a field strength 〈|B|〉 ≤ 1 MG and stars with 〈|B|〉 > 10 MG. For each of these four subsets, we considered the ratio between the number of non-variable magnetic stars, NK, and the total number of magnetic stars, Ntot. From these numbers, we estimated the probability density function, Pr, that the sample frequency of non-variable stars is between r and r + dr, normalised to one and obtained assuming that all numbers between zero and one are a priori equally probable, using
[image: equation](1)
Figure 2 shows the probability density functions for the stars belonging to these sets. It clearly appears that there is little to no overlap between the density functions of the symmetric field in old strongly magnetic white dwarfs and of young white dwarfs. Table 2 reports the points of maximum for these distributions, f = NK/Ntot, and their uncertainties
[image: equation](2)
Table 2 also includes the results for the smaller sets of stars with intermediate strength, 1 ≤ 〈|B|〉 ≤ 10 MG (with endpoints overlapping with the other two sets), which could possibly be considered a ‘transitioning’ field strength range.
Figure 3 shows the ratio between the number of non-variable magnetic white dwarfs with a field strength lower than a given value [image: equation] and the total number of magnetic white dwarfs with a field strength lower than that value as a function of [image: equation] for stars with cooling ages τ ≤ 2 Gyr (blue lines) and stars with τ > 2 Gyr (red lines). This plot supports our claim that non-variable fields are much more common in old, strongly magnetic white dwarfs than in young strongly magnetic white dwarfs, and than in weakly magnetic white dwarfs of all ages. It suggests also that the minimum field strength required for a field to become non-variable is in the range of 5 to 10 MG.
	[image: thumbnail]	Fig. 3 Distributions of the fractions of variable and non-variable magnetic white dwarfs with M ≤ 1 M⊙. The blue solid line represents the number of non-variable stars younger than 2 Gyr divided by the total number of stars younger than 2 Gyr with an average field strength lower than the value in the x-axis. The red solid line refers to the same quantity for magnetic white dwarfs older than 2 Gyr. Dotted lines show the estimate of the uncertainties.



Table 2 
Frequency of polarimetrically non-variable stars among normal-mass white dwarfs (M ≤ 1 M⊙).

5 Explanation for the lack of observed variability
There are three possible reasons for the observed non-variability of so many magnetic white dwarfs. We examine them in the following sections.
5.1 Extremely slow rotation
We first consider the possibility that the rotation of magnetic white dwarfs slows with age and/or magnetic field strength. Perhaps, as the surface field becomes stronger, the white dwarf loses angular momentum to its environment by electromagnetic dipole radiation (García-Berro et al. 2012), by coupling with gas clouds in the ISM, or by a very weak magnetically coupled wind. Each of these possibilities would shed stellar angular momentum faster from a magnetic white dwarf with a strong field than from one with a weak field, preferentially slowing the magnetic white dwarfs with strong fields. However, all of these mechanisms are expected to exert at most a very weak influence on the rotation of a white dwarf, and it seems quite unlikely that any of them could slow the rotation of a magnetic white dwarf so much that repeated observations even a year apart would not show any change. Nevertheless, the idea of extremely slowly rotating white dwarfs has been generally accepted. This hypothesis likely originates from Sect. 3 of Schmidt & Norsworthy (1991), which says: ‘We therefore assign long periods to these stars, with the recognition that other explanations for their polarimetric constancy are possible.’ This statement was accompanied by the first plots of field strength versus rotational period, a plot that in updated form has reappeared in numerous reviews (e.g. Ferrario et al. 2015; Kawka 2020; Ferrario et al. 2020) but has never been critically revisited.
We note that there is a complete lack of white dwarfs that are known to vary on a timescale between weeks and decades. In this respect, there is a profound difference between candidate long-term variable magnetic white dwarfs and long period magnetic Ap and Bp stars. While we do not know of any white dwarf with a firmly established polarimetric variability with a period longer than approximately two weeks, we are sure that a number of Ap and Bp stars are very slowly rotating stars because they definitely show clearly periodic field variation, even 〈Bɀ〉 sign reversals, on a very long but measured timescale that may be months, years, or decades. Furthermore, the distribution of periods is roughly continuous between periods of less than one day and periods of several years (Mathys 2008). If we wanted to interpret the lack of polarimetric variability in white dwarfs as the effect of extremely long rotation periods, we would need to accept that the rotation periods of white dwarfs show an extremely bimodal distribution that peaks around hours and days and around centuries with nothing in between. This appears to be a very unlikely scenario.
5.2 Extremely fast rotation
A second possibility is that some or all of the non-variable white dwarfs actually are very rapidly rotating stars. If the star has a rotation period much shorter than the individual frame exposure time, then the polarimetric variability would be smeared out, and the star would appear constant.
In fact, it has been possible to probe variability on the timescale of the exposure time of each individual frame (typically 10 min or less). In very general terms, our FORS2 and ISIS polarimetric observations allowed us to identify a star as variable provided that its rotation period is longer than ≈ 10 min and its magnetic configuration is clearly not symmetric about the rotation axis (for example, WD 1712−590 in Appendix B.57). Isolated white dwarfs that are the product of single-star evolution can hardly have rotation periods shorter than that (Kawaler 2015). This is confirmed by the results of Hernandez et al. (2024), who have shown that rotation periods of young magnetic white dwarfs in the normal mass range are only marginally shorter than the rotation periods of non-magnetic white dwarfs. Merger products, in contrast, can have rotation periods of the order of 1 min (Schwab 2021; Kilic et al. 2021) if most of the binary angular momentum is retained by the merger product. It is therefore possible that the non-variable massive white dwarfs have non-axisymmetric fields but are rotating very rapidly. Periods down to 1 min or less can be probed via rapid cadence photometry. None of the massive, magnetically non-variable white dwarfs show TESS light variability (Hernandez, priv. comm.; Ramsay, priv. comm.), although of course one cannot rule out that more accurate photometry could reveal some extremely rapid rotators. Provisionally, we rule out very rapid rotation for the massive magnetic white dwarfs that show a constant polarisation.
5.3 Magnetic fields are symmetric about the stellar rotation axes
After ruling out both extremely slow and extremely fast rotation, we are left with the hypothesis that a non-variable field is approximately axisymmetric about the rotation axis. This means that as the star rotates with a normal period between a fraction of an hour and several days, the observer does not see any significant change in the signal of circular polarisation.
This interpretation naturally accounts for some outliers, such as the non-variable weakly magnetic star WD 1105–340. It is reasonable to hypothesise that this one star does not appear variable simply because its rotation axis is tilted at a small angle with respect to the line of sight.
In Sect. 3, we highlighted that it may be difficult to firmly assess whether a star is magnetically variable because changes could be too subtle to be detected. However, the risk of classifying as ‘non-variable’ a star that in fact exhibits subtle but real changes does not weaken our analysis because small changes of the circular polarisation spectrum are still symptoms of a field nearly symmetric about the rotation axis.
6 Discussion
Here, we first consider the case of normal-mass white dwarfs (Sect. 6.1) and then that of massive stars (Sect. 6.2). We note that our analysis applies only to isolated white dwarfs; symmetric fields seem uncommon among magnetic white dwarfs accreting material from a companion (Cropper 1988; Reimers et al. 1999; Schmidt et al. 1995).
6.1 Normal-mass white dwarfs
It is clear that most of the weak fields of normal-mass stars of all ages are not symmetric about the stellar rotation axis. Most of the strong fields of normal-mass, young white dwarfs are also not axisymmetric. Most of the strong field of stars older than 2 Gyr are symmetric about the star’s rotation axis. We now investigate what are the relationships between these weak and strong fields.
Our hypothesis is that the weak and non-symmetric magnetic fields of the young normal-mass white dwarfs are due to a relaxation process of a field that was produced in a previous evolutionary stage of the star, a field that was buried below the surface of the newly formed white dwarf, and that it starts to reveal itself with time as the star cools down. Such seed fields could be those found in red-giant stars, in the vicinity of the hydrogen-burning shell (e.g. Li et al. 2022, 2023). The question is whether the older, generally stronger fields share essentially the same origin as the weak, younger ones, having just evolved for longer time, or if the strong fields in older stars formed by a totally different mechanism than the weaker, younger ones, for instance by a crystallisation dynamo. Whatever its origin is, we consider first the possibility that the small distortion of the shape of a magnetic white dwarf produced by magnetic forces in outer layers might actually drive the evolution of the global field towards axisymmetry. In Sect. 6.1.1, we discuss one example of a physical effect that might drive such evolution.
6.1.1 The magnetic field structure of white dwarfs may evolve towards rotational axisymmetry during cooling
In the absence of a magnetic field, the rotation of the white dwarf will lead to an equatorial bulge, increasing the component of the principal moment of inertia that is parallel to the rotation axis. In this case, the rotation about the spin axis, which coincides with the largest moment of inertia, is stable. Next, we introduce a dipolar magnetic field inclined to the axis of rotation by, say, 45°. We suppose that the visible surface field is maintained by a fossil current system deep in the star, which is gradually decaying due to Ohmic losses. As the interior field strength decreases, an azimuthal electric field will be produced by Faraday induction outside the white dwarf’s initial current loop. This field will generate a current around the magnetic axis that will in turn interact with the local meridional magnetic field (Landstreet 1987) to produce an outward-directed force, distorting the stellar outer layers into a slightly oblate shape, with the largest radius around the magnetic equator. Because of this effect, the principal moment of inertia of the star will be rotated towards the symmetry axis of the field, which is not aligned with the rotation axis or the angular momentum axis of the star. The white dwarf effectively becomes an unstable free asymmetric rotator (an asymmetric top). If such objects can dissipate some of the energy supporting the asymmetric shape, the field axis will gradually shift to bring the principal moment of inertia closer to the angular momentum axis, which is a stable minimum energy state of an oblate system. Energy dissipation will gradually lead to the alignment of the magnetic axis with the rotation axis, which is the effect we observe in old normal-mass strongly magnetic white dwarfs.
This basic physical effect was first identified in the 1970s as possibly operating in main-sequence magnetic Ap stars, which, similar to magnetic white dwarfs, possess global fossil magnetic fields that are usually roughly dipolar and are generally oblique to the rotation axis (Stibbs 1950; Preston 1971). A number of efforts to estimate the timescale of possible evolution of an oblique magnetic field to a state of small or vanishing obliquity have been published, for example, by Mestel & Takhar (1972). Much of this work is summarised in Chapter 9 of Mestel (1999). However, this line of investigation did not lead to a convergence of clear results about possible timescales or about dependence on basic input physics or parameters, such as interior field strength, or details of induced forces in outer layers and their consequences. As the increasing sample of magnetic Ap star models failed to reveal an obliquity distribution suggestive of this effect, possibly because of the relatively short (of order 108 yr) main-sequence lifetimes of magnetic Ap stars, theoretical studies of stellar fossil fields moved on to other effects. However, a similar effect may be at work aligning the magnetic fields to the rotation axis in white dwarfs, which have a very different structure and much longer evolutionary times than Ap stars. This hypothesis could be explored with the aid of numerical modelling of the global (interior and surface) structure and evolution of a rotating white dwarf with an oblique magnetic field. Modelling of comparably complex white dwarf states (e.g. polars, mergers) that include magnetic fields (e.g. Franzon & Schramm 2015; Bisikalo et al. 2021; Zhong et al. 2024) suggest that numerical methods for exploring this problem are already available.
6.1.2 Crystallisation-driven dynamo and axisymmetric fields
The line that marks the beginning of core crystallisation in the age-mass diagram separates variable from non-variable magnetic white dwarfs perhaps in a cleaner way compared to a mass-independent age threshold (see Fig. 1). Before core crystallisation begins, magnetic fields are almost always non-symmetric about the rotation axis. From volume-limited surveys, we know that in normal-mass white dwarfs, before crystallisation, strong fields are rare (Bagnulo & Landstreet 2021, 2022), but those that have been discovered and monitored show polarimetric variability. After the beginning of core crystallisation, many strong fields appear, and most of them are symmetric about the rotation axis. White dwarfs with weak and non-symmetric fields continue to appear also after the beginning of core-crystallisation.
The strong magnetic fields of old normal-mass white dwarfs could be generated by the crystallisation convective dynamo mechanism (Isern et al. 2017; Schreiber et al. 2021), as almost all have cooling ages longer than the cooling age required for the onset of this dynamo. In this case, the conclusion would be that the crystallisation dynamo is responsible for approximate symmetry about the rotation axis. This situation could have similarities with what has been observed in fully convective late type stars with no differential rotation, which are known to be able to generate strong and simple large-scale, mostly axisymmetric, poloidal fields (Donati et al. 2006; Morin et al. 2008b,a; Kochukhov 2021, Fig. 14). However, how the crystallisation dynamo alone can produce fields stronger than ~1 MG is still unclear (Isern et al. 2017; Castro-Tapia et al. 2024). In fact, Montgomery & Dunlap (2024) have argued that fluid mixing by phase separation is not a viable mechanism to produce the strong fields observed in old white dwarfs. Perhaps the crystallisation dynamo could be more powerful if it were to amplify a pre-existing internal field, such as the same seed field that is seen in some of the white dwarfs prior to the beginning of crystallisation.
Montgomery & Dunlap (2024) have proposed that core-crystallisation could alter a pre-existing differential rotational profile. Therefore, one could suspect that rapid rotation in normal-mass white dwarfs might generate a magnetic field in the stellar core using rotational shear on a seed field left from an earlier point in the star’s evolutionary history. In this situation, we might also expect that the field would be roughly axisymmetric, although it is not clear why such fields would always be strong or how they might be related to the weaker oblique fields of stars of similar mass. Furthermore, Spruit (1999) has shown that differential rotation would suppress the non-axisymmetric field component of weak fields, but not in the stronger fields. This is the opposite of what we observed.
The origin of strong non-axisymmetric fields of normal-mass white dwarfs that appear before crystallisation could possibly be similar to that of higher-mass white dwarfs (see Sect. 6.2 below).
6.2 The variability of massive magnetic white dwarfs
Compared to normal-mass white dwarfs, the magnetic fields of massive white dwarfs present a different behaviour. Magnetic fields appear when the stars are still very young, and fields may be either symmetric or non-symmetric about the rotation axis. In massive white dwarfs, strong fields (tens or hundreds of mega-gauss) seem much more common than weaker sub-megagauss fields. It is widely thought that many of these high-mass objects are the result of WD-WD mergers that cause rapid generation of a strong magnetic field (García-Berro et al. 2012; Bagnulo & Landstreet 2022). However, Camisassa et al. (2022) and Blatman & Ginzburg (2024) have shown that at least some of them, depending on their core composition, may have started the process of core crystallisation. Hence, the origin of their field could be linked to the crystallisation dynamo, at least in some cases.
The bimodal distribution of the morphologies of the fields of the massive magnetic white dwarfs could indeed reflect two different channels of formation, one from WD-WD merger (or by a different binary evolution path), and one by massive single-star evolution, such as that of normal-mass white dwarfs. Alternatively, the dynamo stimulated by WD-WD merging may be capable of generating both axisymmetric and non-axisymmetric global fields, perhaps depending on the initial angular momentum vectors of the individual merging white dwarfs relative to the orbital angular momentum vector or the mass ratio of the two merging white dwarfs.
A viable alternative explanation is that the massive white dwarfs that do not show variability are actually rotating with a period much shorter than the typical exposure time of individual polarimetric measurements. In any case, the large mass of stars in this sample and the occurrence of some rotation periods as short as minutes make it very reasonable to suppose that the evolution of the magnetic fields and rotation periods follows a different course from the evolution of fields in normal-mass magnetic white dwarfs.
Because almost all of the massive magnetic white dwarfs of our sample, except one, are very young, we cannot test whether the morphology of older stars is generally axisymmetric. Remarkably, however, the only example we know of a massive star older than 2 Gyr shows a non-axisymmetric field. With an age of more than 4 Gyr, high mass, and a very strong and variable field, the very unusual WD 0756+437 may be considered further evidence that the origin of the fields in massive stars is different than in normal-mass stars.
7 Conclusions
Since the earliest discoveries of magnetic white dwarfs (Kemp et al. 1970; Angel & Landstreet 1970, 1971b), two quite different categories of them have been known to exist. Some magnetic white dwarfs show periodic variations of circular polarisation (which probes the longitudinal magnetic field) with timescales ranging from minutes to days. Classically, a signal of circular polarisation constant with time has been interpreted as indicating either a very long rotation period or a lack of rotation.
Using both literature data and new observations, we have studied the polarimetric variability of a sample of 74 magnetic white dwarfs. We find that among white dwarfs with M ≤ 1.0 M⊙ (‘normal-mass white dwarfs’), nearly all stars with fields weaker than about 1 MG show circular polarisation varying with time. Furthermore, the rare normal-mass white dwarfs younger than ≈2 Gyr with strong magnetic fields also show polarimetric variability. In striking contrast, 16 out of the 17 normal-mass stars older than 2 Gyr with fields stronger than about 10 MG in our sample show constant polarisation. Magnetic white dwarfs with M ≥ 1.0 M⊙ (‘massive white dwarfs’), many of which are the product of WD-WD merging, show a mixed behaviour. Many of them have a strong magnetic and variable field, but some have a strong and constant magnetic field. In our sample, nearly all the massive magnetic white dwarfs are younger than ≈1 Gyr, with the exception of WD 0756+437, an old strongly magnetic variable star.
The lack of evidence for major variations of circular polarisation on any timescale longer than about two weeks suggests that the interpretation of non-variability arising from extremely long rotational periods is incorrect. We have argued that the non-variability is due to magnetic field structures roughly symmetric around the star’s rotation axis.
A possible explanation for the observed symmetry could be that most or all of the magnetic fields evolved from pre-existing fields that formed during pre-white dwarf evolution stages (Li et al. 2022, 2023) and gradually relaxed to the stellar surface over a relation time of 1 or 2 Gyr; in fact, very recently, Camisassa et al. (2024) have shown that the magnetic fields of old white dwarfs with M ≥ 0.65 M⊙ may have been generated by a core-convection dynamo when the star was in the main sequence, and emerged at the stellar surface during the white dwarf cooling phase. As the surface field increases in strength, at some point the Lorentz forces in the outer layers, together with the Coriolis forces acting on rotating convective flows in what are asymmetric rotators, could lead to a gradual relaxation, through energy dissipation, of the global field structure to a form that is symmetric about the rotation axis. The timescale would depend on the field strength, and for a field weaker than several megagauss, it could require a timescale too long to be observed in white dwarfs that still show spectral lines.
Alternatively, because these normal-mass large-field magnetic white dwarfs mostly occur after the start of crystallisation (Bagnulo & Landstreet 2021, 2022), one could speculate that the crystallisation dynamo (Isern et al. 2017; Schreiber et al. 2021; Ginzburg et al. 2022) may generate some fraction of the observed fields and further that this dynamo produces essentially axisymmetric surface magnetic field structures with extremely strong fields. This kind of origin would have similarities with the axisymmetric fields that are commonly found in fully convective strongly magnetic M-dwarfs and, much weaker, in the planets Earth and Jupiter. However, it has been argued that the instability of the mantle surrounding the core that starts to crystallise cannot produce fields much stronger than 1 MG (Isern et al. 2017; Montgomery & Dunlap 2024; Castro-Tapia et al. 2024). Furthermore, Camisassa et al. (2024) find that, even if the crystallisation-driven dynamo could generate a strong magnetic field, this field would take too long to emerge at the stellar surface. On the other hand, Montgomery & Dunlap (2024) have suggested that crystallisation may still play a role by altering a pre-existing differential rotation profile, which in turn would generate a magnetic field – the diffusion timescale of which has not been discussed.
The situation for ultra-massive white dwarfs (with M ≳ 1.0 M⊙) is different, as both strongly magnetic variable and non-variable white dwarfs are found among them. Some of these massive white dwarfs are the product of WD-WD merging, during which a dynamo could create a strong magnetic field (García-Berro et al. 2012), though it would not necessarily be symmetric about the rotation axis. In addition, some massive magnetic white dwarfs could be the result of single-star evolution and have acquired an axisymmetric field following the same mechanism acting in normal-mass white dwarfs.
Further investigation into the variability of magnetic white dwarfs is necessary. Nevertheless, current observations have already imposed significant constraints that any theory explaining the origin and evolution of magnetic fields in degenerate stars must take into account.
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Appendix A  New observations
Table A.1 
Newly presented spectropolarimetric observations


Appendix B  Variability of magnetic white dwarfs: Comments on individual stars
As a preliminary point, we note that to compare observations taken by different authors we need to know how circular polarisation was defined in different works. This problem has been highlighted in detail, for example in Sect. 2 of Bagnulo & Landstreet (2020). Here, we have adopted the definition of positive handedness of circular polarisation given by Landi Degl’Innocenti & Landolfi (2004), and converted some of the literature data to it by changing the sign of circular polarisation with respect to the originally published data.
Numerous examples in the literature (e.g. Bagnulo & Landstreet 2020) and in this section show that many magnetic white dwarfs with very strong fields have a circular polarisation spectrum that varies rapidly with wavelength. The consequence is that the same source observed with even slightly different broadband filters may result in differences of the measured broadband polarisation signal that are larger than the formal uncertainties. This specific issue is discussed in Sect. 7 of Bagnulo & Landstreet (2019b), where some numerical examples are presented. As a consequence, small differences between broadband polarimetric measurements obtained with different instruments cannot reliably provide strong evidence that a star is magnetically variable.
Spectropolarimetry should allow comparisons that are less instrument dependent, provided the observations overlap in wavelength, and that the resolving power of different instrument is similar. There is no doubt, however, that the safest way to establish variability or constancy of polarisation is to repeatedly observe the star with the same instrument and instrument setting, and to always perform the data reduction using exactly the same technique.
In the following, we discuss all stars of our sample (including two stars that did not make it into the final list of Table 1). The titles of the individual subsections contain the star’s name in the Villanova system (McCook & Sion 1977, 1999), the main SIMBAD identifier, and our conclusions about the magnetic variability (using the same designation as in Table 1, followed by the rotation period P, if this is known). When the rotation period is obtained only from photometric data, we use the designation Pphot.
B.1 WD 0004+122 = LP 464-57 (non-variable)
This star was discovered to be magnetic, using spectropolarime- try, by Bagnulo & Landstreet (2020), and later observed four times by Berdyugin et al. (2024) in broadband circular polarisation. These measurements are shown in the top left panel of Fig. B.1. None of them deviated more than ≃1 σ from the mean value of the measurements obtained in the same filter, except for a ~2.5 σ difference between on measurement and the other three in the B filter, which might reflect a real small variability. We reanalysed the FORS2 spectropolarimetry published by Bagnulo & Landstreet (2020) to check for differences between the V/I profiles obtained from the first and the second pair of exposures, sampling an interval in time of about 15 m, without finding any difference (see Fig. B.2). We conclude that the star does not show convincing sign of variability. We estimate a field strength of ≃100 MG.
B.2 WD 0009+501 = EGGR 381 (variable, P ≃ 8h)
This white dwarf was well monitored and modelled as a magnetic variable with ⟨|B|⟩ between 150 and 250 kG by Valyavin et al. (2005), who presented a model obtained by adopting a rotational period of 0.3337 ± 0.0031 d. Recent unpublished ESPaDOnS data obtained by us confirm the rotational period.
B.3 WD 0011–134 = G 158-45 (variable, Pphot ≃ 0.73 h)
Discovered magnetic (with a field of about 9 MG) by Bergeron et al. (1992), and as a magnetic variable by Putney (1997). From photometry, Lawrie et al. (2013) found a rotational period of 44 ± 0.43 min. While there is no guarantee that the photometric period reflects the rotational period of the star, the star is definitely a magnetic variable, and in fact, this very short photometric period is completely consistent with several of the many acceptable periods found from the six widely spaced ⟨Bz⟩ data values published by Putney (1997) from spectropolarimet- ric observations made between 1994 Sep 29 and 1994 Dec 31. This star is one of the magnetic white dwarfs that clearly shows longitudinal field reversal.
B.4 WD 0041–102 = Feige 7 (variable, P≃ 2h)
Liebert et al. (1977) showed that the spectrum is rich in faint lines of H and He, and identified a magnetic field of about 18–20 MG from the spectrum. They found, on the basis of broadband circular polarisation measurements, that the field varies with a period of 131.6 min. (Note that the broadband circular polarisation changes sign as the star rotates.) A decentred dipole model of the field structure based on a series of flux spectra was derived by Achilleos et al. (1992); both H and He apparently vary substantially in abundance over the surface. Achilleos et al. (1992) also discovered that the star varies photometrically (in a double wave) with the same period as the spectrum and broad-band polarisation.
B.5 WD 0051+117 = PHL 886 (variable, P ≃ 4.7 d)
From unpublished spectropolarimetric data (Landstreet & Bag- nulo, in prep., hereafter LB25) it is found that the star is periodically variable (P = 4.703 d) with ⟨|B|⟩ ≃ 270 kG. The field ⟨Bz⟩ reverses sign as the star rotates. Modelling will be presented in a forthcoming paper.
B.6 WD 0058–044 = GD9 (variable, P ≃ 2 d?)
From our unpublished spectropolarimetric data we found that the star is periodically variable (the period is not determined uniquely from available data, but the most probable period is P = 1.96 d), with ⟨|B|⟩ ≃ 300 kG (LB25). The field ⟨Bz⟩ varies sinusoidally but does not (quite) reverse sign. Modelling will be presented in a forthcoming paper.
B.7 WD 0232+525 = EGGR 314 (variable)
This is a well-known star that was repeatedly included in studies of bright white dwarfs and been searched for a magnetic field (Bychkov et al. 1991; Schmidt & Smith 1995; Fabrika et al. 1997) without any detection being reported. Recent particularly sensitive observations (Bagnulo & Landstreet 2022) succeeded in detecting a weak field. The three published measurements (two with ISIS, one with ESPaDOnS) reveal a very weak, and probably variable longitudinal field (the measurement obtained with ESPaDOnS has the opposite sign as those obtained with ISIS).
	[image: thumbnail]	Fig. B.1 Variation in the broadband circular polarisation measurements observed in three filters B′V′R′ of the DiPol-UF instrument at the NOT (Berdyugin et al. 2022, 2023, 2024). In each panel, the three dotted lines represent the average of all data obtained in a particular filter: from top to bottom, the R‘ filter (red dotted line), the V‘ filter (green dotted line) and the B‘ filter (blue dotted line). These lines are separated by ∆V/I = 0.3 %. The x-axis represents the time of the observations in days from the first measurement. The solid circles represent the difference between each measurement and the average of all measurements in a given filter (red circles for filter R′ , green circles for filter V′, and blue circles for filter B′ .



	[image: thumbnail]	Fig. B.2 WD 0004+122: Stokes V/I from two pairs of observations obtained within 15 m on 2019-10-07.



B.8 WD 0233–242A = LP 830-14 = NLTT 8435A (variable, Pphot ≃ 1.5 h)
The star is discussed by Bagnulo & Landstreet (2021), who suggested the presence of a variable field of the order of 3.8 MG. In fact, ⟨|B|⟩ does not vary between two FORS observations, while ⟨Bz⟩ clearly changes sign. According to Vennes et al. (2018) it has a photometric variation period of 95 min.
B.9 WD 0236–269 = PHL 4227 (n.v.: – only 2 meas.)
Schmidt et al. (2001) report two spectropolarimetric detections of circular polarisation at about the 1.2% level. The two observations were obtained three days apart, with no changes detected. Furthermore no significant change in the spectrum-average circular polarisation was observed. We tentatively assume that is not a magnetic variable, but the evidence for non-variability is not compelling (the original paper just reports: ‘consistent results were obtained on the two occasions’).
B.10 WD 0253+508 = KPD 0253+5052 (variable, P ≃ 4h)
The field was discovered by Downes & Margon (1983), who estimated ⟨|B|⟩ ≈ 13 MG, and modelled by Achilleos & Wickramasinghe (1989) using only flux spectra. The star shows continuum polarisation up to 0.4% that is periodically variable according to Schmidt & Norsworthy (1991) with P = 0.170 d. The sign of the broadband continuum circular polarisation briefly reverses during each cycle.
B.11 WD 0301+059 = SDSS J030350.63+060748.9 (n.v.: – only 2 meas.)
The star was discovered to be magnetic by Landstreet & Bagnulo (2020), who did not find any obvious sign of variability between two observations obtained 1 day apart, nor between individual exposures of the same observing series (exposure times of single frames were 225 s). We tentatively assume that it is not magnetically variable. The star therefore appears as a strongly magnetic, massive, non-variable star.
B.12 WD 0313–084 = GALEX J031613.8-081637 (non-variable)
The star was discovered to be magnetic by O’Brien et al. (2023). It was observed five times with FORS2 (see Sect. 2.1), and no variability was found within timescales of 1 h, 1 d, and 8 months (see Fig. B.3). The spectrum indicates that ⟨|B|⟩ ≃ 800 kG.
B.13 WD 0316–849 = EUVE J0317–855 (variable, P ≃ 0.2 h)
Studied by Ferrario et al. (1997) Burleigh et al. (1999), and Vennes et al. (2003), the star has a rotation period P = 725 s. A detailed model based on UV spectra was obtained by Burleigh et al. (1999), who found that the field varies in strength from about 180 to 800 MG over the surface. Vennes et al. (2003) shown that the star has a light curve with a minimum that corresponds to the maximum of the polarisation. This is one of the very few white dwarfs that show magnetic and photometric variability, for which we have a firmly established phase relationship between photometry and circular polarisation. This star is erroneously missing in the list of such stars compiled by Bagnulo et al. (2024b).
B.14 WD 0322–019 = EGGR 566 (variable)
The star was discussed by Bagnulo & Landstreet (2021). Two FORS2 measurements by Farihi et al. (2018) obtained during two consecutive nights (⟨Bz⟩ = −5.4 ± 3.0 kG and −16.5 ± 2.3 kG) suggest that the longitudinal field may change on a timescale of a few days.
B.15 WD 0330–000 = HE 0330-0002 (only 2 meas., and contradicting data)
Schmidt et al. (2001) report two spectropolarimetric observations obtained one day apart, and concluded that no significant differences had been detected in the overall spectrum. However, the mean circular polarisation averaged over the observed wavelength range reported in their Table 1 differs by 0.5%, contradicting the assessment of non-variability. Because of this, this star will not be considered in this paper.
	[image: thumbnail]	Fig. B.3 Top and middle panels: WD 0313-084 observed with FORS2 in five different epochs. Bottom panels: Stokes V/I from four pairs of observations obtained within 1 h on 2023-09-19.



B.16 WD 0410–114 = G 160-51 = NLTT 12758 (variable, P≃0.3 h)
A magnetic field of about 1.7 MG was discovered by Kawka & Vennes (2012). Kawka et al. (2017) found that circular polarisation in the Hα sigma components varies with P = 22.6 min. This is another example of a star for which the phase relationship between light curve and magnetic field are known (Kawka et al. 2017) and it is also missing from the list compiled by Bagnulo et al. (2024b).
B.17 WD 0446–789 = WG47 (var.:)
Bagnulo & Landstreet (2018) show that this is a weak-field star with ⟨Bz⟩ ≃ −5 kG; it probably has a dipolar field with axis nearly parallel to the rotation axis, because only very mild variations in ⟨Bz⟩ occur on a timescale of days.
B.18 WD 0548–001 = EGGR 248 = G 99-37 (non-variable)
The magnetic field was discovered from continuum circular polarisation by Landstreet & Angel (1971). Observations of broad-band CP on six nights showed no variations. During one hour, broad-band data were printed every 6 s. These data were Fourier analysed without finding any evidence of short-period variability.
	[image: thumbnail]	Fig. B.4 Upper panel: WD 0548-001 = G 99-37 flux spectra obtained with FORS1 and FORS2 compared. The Stokes I FORS spectra have not been calibrated, and the differences in slopes are almost certainly explained by instrument and atmospheric effects. Lower pane: FORS V/I spectra compared to the low-resolution MCSP spectrum of Angel & Landstreet (1974).



Angel & Landstreet (1974) obtained an MCSP circular polarisation spectrum in 1972, and the star was re-observed by Vornanen et al. (2010), who remarked that similarity with the previous spectra, reporting also ‘no unambiguous variations’ between several polarisation spectra taken in 2003, 2005, 2008. Using FORS1 data obtained in 2005, they also reported no detection of linear polarisation.
We retrieved from the ESO FORS1 and FORS2 archives all circular polarisation spectra obtained in 2005, 2008 and 2012. Figure B.4 shows all these spectra compared to the polarisation spectrum of Angel & Landstreet (1974). We note that there are three spectra obtained in three consecutive nights in November 2012. The spectrum obtained during the last night (2012-1119) shows zero circular polarisation (see green solid line), but a Stokes I flux consistent with that of previous observations. We ascribe this to a non-detected instrument failure (perhaps the retarder waveplate did not move) rather than to stellar variability.
Observations obtained by Berdyugin et al. (2023) and Berdyugin et al. (2024) show no variability in broadband polarimetry between two measurements obtained 8 months apart (see the top panel of Fig. B.1).
This is a nearly unique DQp white dwarf which shows not only the Swan bands in the flux spectrum, but also the CH G band. The magnetic field was modelled by Angel & Landstreet (1974) who deduced (Bz) ≈ 3.6 MG from the strong polarisation signature of the CH G-band. Berdyugina et al. (2007) and Vornanen et al. (2010) modelled FORS1 spectra and found (Bz) ≈ 2.5 MG.
B.19 WD 0553+053 = EGGR 290 = G 99-47 (non-variable)
The magnetic field of this star was discovered by Angel & Landstreet (1972), who also made 14 separate BBCP measurements during 10 months, without detecting any significant variation. Low resolution MCSP spectropolarimetry was obtained by Liebert et al. (1975), and 20 years later, a higher resolution polarised spectrum was obtained also by Putney & Jordan (1995). No significant variation has been detected on any timescale up to decades (for details, see Bagnulo & Landstreet 2021). Brinkworth et al. (2013) observed a light curve with 26.8 m period and semi-amplitude = 0.3 %, which suggest that polarimetric observations could have missed short-term variability. However, Angel & Landstreet (1972) had carried out Fourier-analysis of a polarimetric run, and found no significant variability for any period between 11 seconds and 2 h. They claimed that periodic variation with an amplitude of 0.17 % would certainly have been detected. Our conclusion is therefore that the star is non-variable.
B.20 WD 0637+478 = GD 77 (variable, P ≈ 1.4 d)
Magnetic variability was reported by Schmidt & Smith (1995). Eight unpublished ISIS polarisation spectra and one ESPaDOnS spectrum show that (Bz) varies with P ≈ 1.362 d. The value of 〈|B|〉 ≈ 1.0 MG hardly changes with rotation, but 〈Bz〉 varies sinusoidally between about +400 and -250 kG (LB25).
B.21 WD 0654+059 = 2MASS J06572938+0550479 (non-variable)
Three BBCP observations obtained 8 months apart by Berdyugin et al. (2024) show no variability of the polarisation in the three B′V′R′ filters (see Fig. B.1). In all three filters, all three observations have V/I ≃ –0.3 %. We assume that the star is not variable.
B.22 WD 0708–670 = SCR J0708–6706 (n.v.: – only 2 meas.)
Two spectra published by Bagnulo & Landstreet (2020) show no variability over a 2 month interval. The strength and wavelength dependence of the circular polarisation spectrum suggests that the underlying field could be of the order of 60 to 200 MG. We tentatively assume that the star is magnetically non-variable.
B.23 WD 0745+115 = GALEX J074842.4+112502 (non-variable)
Strong broadband circular polarisation was detected by Berdyugin et al. (2024). The polarisation changes sign between the B′ and the other bands, and its absolute value is about 1% in all bands. Observed four times, the star does not show variability (see the top right panel of Fig. B.1).
B.24 WD 0756+437 = EGGR 428 (variable, Pphot ≈ 6.5 h )
The star was discovered to be magnetic and discussed in detail by Putney (1995). She estimated its magnetic field to be ≃ 200 MG. Recent BBCP observations at NOT (Berdyugin et al. 2024) showed that it is rapidly variable. The first two observations, about 3 h apart, report the largest and smallest polarisation seen in the full data set of five observations; this suggests a rotation period of the order of 6 h. In fact, the photometric study of Brinkworth et al. (2013) found a unique, very large amplitude (±4 %) light variation with a period of P = 6.68 h. The similarity of this period with the period range deduced from polarisation measurements strongly confirms that 6.68 h is the rotation period of this white dwarf. A further remarkable fact is the combination of high field (200 MG), high mass (1.04M⊙) with advanced age (4.45 Gyr): this star seems to be a unique example of a very old, still strongly magnetic and rapidly rotating WD-WD merger.
B.25 WD 0810–353 = UPM J0812–3529 (non-variable)
No variability detected among six polarised spectra obtained over a four year period, as described in a detailed study by Landstreet et al. (2023). According to their modelling, the star shows two regions of different field strength: one with magnetic field of predominantly 30 MG strength, outward, and one showing a field strength of 45 MG, inward.
B.26 WD 0816–310 = SCR J0818-3110 (variable, P≃ 10d)
This is a DZ white dwarf with strong flux, spectrum and ⟨Bz⟩ variations observed in five FORS polarised spectra in 2023 obtained with grism 1200B. It is clear that the surface abundances vary over the surface, and appear to be locked to the surface magnetic field. The rotational period is of the order of 10d, and ⟨|B|⟩ ≃ 100 kG (Bagnulo et al. 2024a).
B.27 WD 0850+192 = LB 8915 (variable, P ∼ hours?)
This DBA white dwarf shows very weak, variable H lines, slightly variable He, and variable ⟨Bz⟩ (Wesemael et al. 2001). It is found that ⟨|B|⟩ ≃ 850 kG, and the rotation period is relatively short, probably some hours. We note that the correct identification of this star is LB 8915, and not LB 8827 as given in title of the paper by Wesemael et al. (2001).
B.28 WD 0907+213 = GALEX J091016.5+210555 (variable, P≃ 10h)
Moss et al. (2024) discovered that this is a spectroscopically and magnetically variable DBA star with a rotation period of either 7.7 or 11.3 h (the ambiguity is due to aliasing). They have modelled the field and abundance geometry with a simple model like that used for Feige 7 = WD 0041–102. The line splitting in the flux spectra suggests a field of (|B|) ≈ 0.5 MG.
B.29 WD 0912+536 = EGGR 250 = G 195-19 (variable, P ≈ 1.3 d)
This is the second magnetic white dwarf discovered (Angel & Landstreet 1971a), and the first magnetic white dwarf to be discovered to be rotationally variable (Angel & Landstreet 1971b). An improved ephemeris was provided by Angel et al. (1972). The star shows a large variation of its circular polarisation with a period of 1.33 d (Angel et al. 1972). Hernandez et al. (2024) measured the period of the photometric variability from TESS data as 1.3304 ± 0.0054 d (note that high accuracy of period relies on two widely separated TESS observational data sets). Six MCSP V/I spectra roughly uniformly distributed in phase were obtained by Landstreet & Angel, (unpublished). Between 4000 and 5000 Å, V/I reverses sign during rotation; redwards of this, the strong variations retain one sign.
	[image: thumbnail]	Fig. B.5 Circular polarisation spectra of WD 1008-242 obtained with FORS2 and the 300V grism on 2022-02-10 (top panel) and with the 600B grism on 2022-01-01.



B.30 WD 1008–242 = UCAC4 328-061594 (n.v.: – only 2 meas.)
Observed twice with FORS2 in spectropolarimetric mode by Bagnulo & Landstreet (2022), this white dwarf did not show any variation between two spectra obtained 40 d apart, nor within the same observing series (see Fig. B.5). Probably the field is of order 100 MG or more. We consider that it is probably not variable. The star therefore appears a young, strongly magnetic, ultra-massive, non-variable star.
B.31 WD 1008+290 = LP 315-42 = LHS 2229 (non-variable)
This white dwarf is a cool peculiar DQ star discovered to be magnetic by Schmidt et al. (1999), who tentatively suggested that the field strength is of the order of 100 MG or more. Four observations obtained by Berdyugin et al. (2024) show little to no variability of broadband circular polarisation (see Fig. B.1). We assume that it is not magnetically variable.
B.32 WD 1009–184 = WT 1759 (var.:)
The star was discovered to be a magnetic white dwarf by Bagnulo & Landstreet (2019a), who published one measurement obtained with FORS2 and one obtained with ISIS, showing that the star has a weak and variable field (⟨Bz⟩ ≃ 50 kG). Additional unpublished data suggest also weak variability.
B.33 WD 1015+014 = PG 1015+014 (variable, P = 98.75 m)
This is a very strongly polarised white dwarf with V/I ≈ 1.5 %. The flux and polarisation spectra are strongly variable with P = 98.75 m and a polar field strength of about 120 MG (Angel 1978; Wickramasinghe & Cropper 1988). Schmidt & Norsworthy (1991) report that BBCP also varies with P = 98.75 min, approximately sinusoidally, with extrema of +1 and –1 % polarisation. Brinkworth et al. (2013) found that the star’s light curve has a period consistent, within uncertainties, with that obtained from polarimetry. Euchner et al. (2006) obtained a series of polarised spectra with FORS using the 300V grism. They describe strong I and V spectrum variations, and model the field structure using a multipole field expansion. This white dwarf displays spectral features originating from regions with typical field strengths between about 50 and 90 MG.
B.34 WD 1031+234 = Ton 527 = PG 1031+234 (variable, P ≈ 3.5 h)
Schmidt et al. (1986) report strongly variable intensity, circular and linear polarisation spectra with a 3 h 24 min period, and proposed a simple magnetic model with field strength in the range of 200–500 MG. Further broadband polarisation observations through the rotation period were obtained by Piirola & Reiz (1992), who measured also a light variation in anti-phase with circular polarisation (that is, the star appears darker when the absolute value of the polarisation is maximum). Brinkworth et al. (2013) found Pphot ≈ 3.5 h.
B.35 WD 1036–204 = LP 790-29 (non-variable)
The star was discovered to be magnetic via spectropolarime- try by Liebert et al. (1978), and repeatedly studied (West 1989; Schmidt et al. 1995, 1999; Beuermann & Reinsch 2002; Jordan & Friedrich 2002). Beuermann & Reinsch (2002) have monitored the star with EFOSC in spectropolarimetric mode to search for short-term variability, without finding any significant variations. Beuermann & Reinsch (2002), however, pointed out that Schmidt et al. (1995) measured a polarisation signal of ≃ –6 % around 6500 Å, a measurement at odds with broadband polarimetric measurements obtained in 1977, 1986, 1994 and 2000, which were all about −9 % (see their Table 1; we recall here that we use the opposite definition for the sign of circular polarisation). Schmidt et al. (1995) therefore suggested the possibility of a very long rotation period of the star. Jordan & Friedrich (2002) carried out a similar study, with similar results regarding short term variation. They also proposed a rotation period in the range of about 24–29 yr. We have reduced FORS1 and FORS2 archival polarisation spectra from 2003, 2011, 2012, and 2013, finding absolutely no hint of variability among them. Figure B.6 shows a comparison of archive observations obtained with grism 600B. The flux is not corrected for atmospheric and instrument transmission, and the discrepancies in the slope of the flux measured in 2003 can be explained by the use of a different CCD. A comparison between FORS spectra with those obtained by Schmidt et al. (1995) on May 7 and 8, 1994, (wavelength range 4160–7460 Å) does not show obvious long-term variability, except in the range 5700-6200 Å. In that range, our data are instead consistent with most of the literature and point to a value of ≃ -9 %. In addition to the polarisation spectra, FORS1 and FORS2 archive contains another two broadband circular polarisation (BBCP) observations in the R filter: a FORS1 BBCP measurement obtained in April 2006, and one obtained with FORS2 in March 2024, using a similar (but not perfectly identical) R filter (program ID 112.25C9.001). We found both measurements consistent with a polarisation signal of about –9.4 %. These measurements rule out any significant change in the region around 6500 Å over an interval of 18 years. Finally, Berdyugin et al. (2024) have published the series of BBCP observations obtained in November 2022, November 2023 and February 2024, all consistent among themselves. In the R′ filter they report a polarisation signal of ≃ –9.1 %. For the reasons explained at the beginning of this section, it is not possible to accurately compare BBCP measurements obtained with different instruments, but it is clear that the only deviant point of a series of polarimetric observations obtained in the course of almost half a century is a small portion of a spectrum obtained in 1994. Remarkably, data obtained with the same instrument (FORS) over nearly two decades are fully consistent among themselves, and point strongly to a constant circular polarisation spectrum. Our conclusion is that the star is actually not variable. From the measured signal of circular polarisation of ≃ 10 % we estimate a longitudinal field of the order of 100 MG.
	[image: thumbnail]	Fig. B.6 Top and middle panels: Intensity and circular polarisation spectra of WD 1036-204 obtained with FORS1 and FORS2 at four different epochs; circular polarisation from Schmidt et al. (1995) is also shown with small circles. Bottom panel: Stokes V/I from four pairs of observations obtained within 10m from each other on 2013-02-21.



	[image: thumbnail]	Fig. B.7 WD 1105-340: Stokes I and V/I profiles of Hα observed with ESPaDONs at four different epochs: 2019-03-21 (two observations), 2019-05-31, and 2022-02-22. Only negligible changes are seen between spectra.



B.36 WD 1043–050 = HE 1043-0502 (n.v.: – only 2 meas.)
This DBA star was discovered magnetic by Schmidt et al. (2001), who proposed that the field is ≃ 800 MG (although its continuum is not highly polarised). Two observations were taken a few days apart, and Schmidt et al. (2001) state that they did not show variability; the reported wavelength integrated circular polarisation of about 1.5% is also essentially unchanged between the two spectra. So we consider it as candidate non-variable magnetic white dwarf.
B.37 WD 1045–091 =HE 1045–0908 (variable, P ≃ 3h)
This white dwarf was discovered to be magnetic by Reimers et al. (1996) from a flux spectrum. Circular polarisation was confirmed, and shown to be variable by Schmidt et al. (2001). Euchner et al. (2005) obtained a series of I and V spectra and, assuming a rotational period of about 2.7 h, derived a detailed surface field model with a dominant field strength of 16 MG, but local field strength ranging between about 10 and 75 MG.
B.38 WD 1105–340 = SCR J1107-3420A (non-variable)
Eleven ESPaDOnS spectra taken between 2018 and 2022, with ten of them during 1 week in 2019 (see Table A.1), show that the star has a weak, non-variable field with ≃Bz〉 ≈ −22 ± 4.5kG and 〈|B|〉 ≈ 125 ± 5kG (see Fig. B.7). We also have two FORS spectra, one taken with 1200B and one with 1200R, with lower resolving power but higher signal-to-noise ratio (S/N). Owing to their difference resolution, these spectra were not used in this work. This star is perhaps the best studied non-variable weak- field magnetic white dwarf.
	[image: thumbnail]	Fig. B.8 Top panel: WD 1116-470 observed with FORS2 in three different epochs. Bottom panel: Stokes V/I (re-binned at 410 Å) from individual pairs of exposures as shown in the legend.



B.39 WD 1105–048 = EGGR 76 (ultra-weak field, var.:)
The star was repeatedly observed, and a longitudinal field of the order of 1 kG was detected only in two measurements (Bagnulo & Landstreet 2018). The star seems to have a very weak and variable field, but additional measurements should be obtained to confirm the existence of a magnetic field.
B.40 WD 1116–470 = SCR J1118–4721 (non-variable)
This white dwarf was observed twice with FORS2 by Bagnulo & Landstreet (2021), who flagged it as suspected magnetic star. Both observations show a similar signal of circular polarisation at −0.2 %, close to the FORS2 instrumental detection limit. A third observations was obtained in January 2023, and the V/I spectrum is again consistent with that measured previously. The star is definitely magnetic, and most likely not variable. This confirmation (see Table A.1) brings the number of magnetic white dwarfs in the 20 pc volume to 34.
B.41 WD 1211–171 = HE 1211–1707 (variable, P ≃ 2h)
A magnetic field was suspected in this white dwarf by Reimers et al. (1996), which was confirmed with polarimetry by Schmidt et al. (2001). Both papers show varying flux spectra. Schmidt et al. (2001) estimates P ≃ 100–120 min and 〈|B|〉 ≃ 50 MG. Brinkworth et al. (2013) measured a photometric period of 1.79 h, consistent with the previous estimates from polarimetric data. The star is polarised at a level that varies between 0 and 3% during the rotation cycle. Modelling by Schmidt et al. (2001) strongly suggests a He dominated atmosphere with Teff ≃ 12000 K, but Reimers et al. (1996), using IUE data, estimates 23000 K. Gentile Fusillo et al. (2021) gives 30000 K and 1.20M⊙. We tentatively assume Teff = 23000 K , M = 1.2M⊙, and an He-rich atmosphere.
B.42 WD 1217+475 = SDSS J121929.45+471522.8 (DAHe variable, Pphot = 15.26 h)
DAHe with 18.5 MG field strength and a photometric period of about 15.25 h (Gänsicke et al. 2020). Spectroscopy reveals Zeeman components of the Balmer lines varying in strength but with constant splitting. Published data do not demonstrate that the star is magnetically variable but cannot rule out this possibility either. Therefore we have decided not to include this star in our sample.
B.43 WD 1249–022 = GALEX J125230.9-023417 (DAHe variable, Pphot = 0.09 h)
This is a DAHe white dwarf that shows variable Hβ and Hα lines that appear sometimes in emission and sometimes in absorption. Field strength has been estimated 5 MG and rotational period = 0.09 h (Reding et al. 2020).
B.44 WD 1312+098 = PG 1312+099 – (variable, P ≃ 5.4 h)
Variable continuum circular polarisation was detected in this hot DAH by Schmidt & Norsworthy (1991), who present over 100 measures, and find P = 5.43 h. Circular polarisation varies approximately between +1% and −1%.
B.45 WD 1315–781 = LAWD 45 (n.v.: – only 2 meas.)
No change between two 〈|B|〉 ≃ 5.5 MG and 〈Bz〉 ≃ 0 MG measurements from FORS 300V spectra taken five nights apart by Bagnulo & Landstreet (2020). We tentatively assume that it is magnetically non-variable.
B.46 WD 1315+222 = LP 378-956 (non-variable)
Two observations by Berdyugin et al. (2023) and one by Berdyugin et al. (2024) show no obvious sign of variability (see Fig B.1).
B.47 WD 1328+307 = G 165–7 (variable)
This star is found to host a magnetic field of 〈|B|〉 ≃ 650 kG based on line splitting observed in a good S/N SDSS spectrum (Dufour et al. 2006). These authors have also obtained low-resolution polarised spectra. They state that three 600 sec polarisation spectra were taken on 2005-12-30 at Steward Obs, all yielding essentially the same 〈Bz〉 ≈ 150 kG, but that the polarisation amplitude in similar Steward polarised spectra from 2006-05- 03 (apparently not measured) is at least two times weaker than in 2005 spectrum. We conclude that the star is magnetically variable.
B.48 WD 1346+121 = LP 498-66 (non-variable)
Observed three times by Berdyugin et al. (2023) and Berdyugin et al. (2024), we assume the star, which shows circular polarisation ranging between −1 and 0 % in the three DIPol-UF bands, is magnetically non-variable (see Fig. B.1). The field strength of this white dwarf is probably in the tens of MG.
	[image: thumbnail]	Fig. B.9 Spectra of WD 1619+046 around Hβ obtained with FORS2 on 2023-06-16.



B.49 WD 1350–090 = PG 1350-090 = GJ 3814 (non-variable)
Discovered by Schmidt & Smith (1994), who measured 〈Bz〉 = 85 ± 9 kG. We have obtained four polarised spectra with ESPaDOnS that show 〈|B|〉 ≃ 450–465 kG. There is no strong evidence of field variability, see also Schmidt & Smith (1994). Data will be published in a forthcoming paper (LB25).
B.50 WD 1532+129 = G 137-24 (variable)
Originally classified as DZ white dwarf by Kawka et al. (2004), the star was discovered to be a magnetic white dwarf by Bagnulo & Landstreet (2019a), who published two FORS2 measurements and one ISIS measurement. The star is variable, with 〈Bz〉 values from FORS2 measurements of −21 ± 1 kG and −4 ± 1 kG, while 〈|B|〉 is not strong enough to split spectral lines, leading to 〈|B|〉 ≾ 300 kG.
B.51 WD 1556+044 = PM J15589+0417 (non-variable)
Discovered to be magnetic by Berdyugin et al. (2022), the star was re-observed three more times by Berdyugin et al. (2024). The observed circular polarisation, which is detected at the 10σ level, ranges between −0.3 and +0.4% in the three filter bands of DIPol-UF, so the order of magnitude of the field strength is probably some tens of MG. The polarisation does not show any variability (see Fig. B.1).
	[image: thumbnail]	Fig. B.10 Top panels: Comparison of spectra of WD 1658+440 obtained in 1980 (Liebert et al. 1983) and in 2019 (this work). Bottom panels: Overplot of eight intensity spectra obtained in sequence with 450s exposure time, and of four circular polarisation spectra obtained from pairs of frames obtained in sequence.



B.52 WD 1615+542 = GALEX J161634.4+541011 (DAHe magnetically variable, Pphot = 1.59 h)
DAHe with a variable magnetic field (from 3.5 to 6.5 MG) and a rotation period P = 95.29 m estimate via photometry (Manser et al. 2023).
B.53 WD 1619+046 = GALEX J162157.7+043219 (variable, P ≃ 40 m?)
This white dwarf was discovered to be magnetic and rapidly variable in this work (see Sect. 2.1 and Fig. B.9). From the Hβ regions, it is clear that the star is a DAH with a rather nonuniform field of 〈|B|〉 ≃ 15 MG. We observe clear changes in intensity between spectra obtained a few minutes apart, and also polarisation (which is measured by the combination of two spectra) shows some variation, but without sign reversal. The close similarity between the first pair and the last pair of intensity spectra suggest that the star’s rotation period is approximately 40 min.
B.54 WD 1639+537 = GD 356 (non-variable, but with a light curve and Pphot = 1.93 h)
This star is the prototype of DAHe white dwarfs. It shows a light curve with low amplitude and Pphot ≃ 1.93 h (Walters et al. 2021). A time series of circular polarisation spectra obtained during an entire rotational cycle shows now variability while subtle sinusoidal variability is seen in the position of the σ components of Hβ and Hα lines (Walters et al. 2021). Walters et al. (2021) compared spectropolarimetry obtained in 2019, with that published by Ferrario et al. (1997), finding no changes. Its field strength is of the order of 10 MG (Walters et al. 2021). We classify the star as non-variable, but showing very small changes of its apparent magnetic field with a ~ 2 h rotation period.
B.55 WD 1658+440 = PG 1658+441 (n.v.: – only 2 meas., one very old)
The star was discovered to be magnetic by Liebert et al. (1983), who measured 〈Bz〉 ≃ 0.7 MG, and 〈|B|〉 ≃ 2.3 MG from spec- tropolarimetry of Hα, Hβ and Hγ (see their Fig. 5). Their observations were obtained on July 20 1980, with a spectral resolution of 10Å. The same authors measured a signal of broadband circular polarisation = −0.016 ± 0.033% and −0.044 ± 0.019 % in the range 3300-8600 Å and concluded that a 3 σ upper limit of 0.10% semi-amplitude could be set for any presumed sinusoidal variation with a period between 0.5 and 5 h. For possible periods between 4 minutes and 0.5 hours, a less stringent limit of 0.30% polarisation semi-amplitude may be deduced. A comparison with our ISIS spectra obtained on April 21, 2019 (Sect. 2.1) is shown in the top panels of Fig. B.10. We observe a wavelength shift possibly due to bad calibration; most remarkable is the different strength of Hα, but perhaps this is instrumental, because the ISIS spectrum was obtained with a setting that puts Hα at the edge of the CCD, and no good flat-fielding correction could be applied. Although our comparison between 1980 and 2019 data is not conclusive, we certainly do not see any convincing change of the spectral features that demonstrate long-term variability. A comparison between the four pairs of Stokes V/I profiles obtained with ISIS in 2019 show no differences within the error bars (see the bottom panels of Fig. B.10); therefore we rule out variability on a timescale of 10-15 minutes. This star seems to be a young, strongly magnetic, massive, tentatively classified as non-variable star. Photometric studies lead to inconsistent results: Brinkworth et al. (2013) found that the star is photometrically variable with a period between 6 h and 4 d, while, using TESS photometry, Oliveira da Rosa et al. (2024) derived a period shorter than 1 h. Hernandez et al. (2024), instead, did not detect periodicity in TESS data.
	[image: thumbnail]	Fig. B.11 WD 1712-590 observed with FORS2 in the dates shown in the bottom panel. Hβ detail.



B.56 WD 1703–266 = UCAC4 317-104829 (variable)
This DA white dwarf was discovered to have a magnetic field by Bagnulo & Landstreet (2020), with 〈|B|〉 ≈ 8 MG. They also found that two FORS2 polarised spectra four days apart are significantly different and yield different values of 〈Bz〉, so the star is variable on a timescale of some days or less.
B.57 WD 1712–590 = Gaia DR3 5915797694789556096 (variable)
Discovered to be magnetic by O’Brien et al. (2023). We observed this white dwarf in polarimetric mode with grism 1200B three times, twice during the same night. Intensity spectra show very similar splitting of Balmer lines, but the flux distribution within the line cores changes quite significantly, rather similarly to WD 2359–434 (Landstreet et al. 2017). The deduced field strength is 〈|B|〉 ≾ 0.8 MG. The Stokes V spectra also show that the star is strongly variable within 1-2h (see Fig. B.11), and that the longitudinal field reverses its polarity during rotation.
B.58 WD 1743–521 = L 270-31 = BPM 25114 (variable, P= 2.84 d)
Wickramasinghe & Bessell (1976) reported a magnetic field of about 35 MG in this southern DA star from close examination of the peculiar flux spectrum. Wegner (1977) found variability of light and of the flux and polarisation spectrum with P ≈ 2.84 d, and modelled the spectrum variations, finding results consistent with a magnetic dipole field. Field modelling was carried out in more detail by Martin & Wickramasinghe (1978), who deduced a dipole field strength of 36 MG, corresponding to 〈|B|〉 ≃ 18 MG.
B.59 WD 1748+708 = EGGR 372 = G 240-72 (s.v.:)
Intrinsic broadband circular and linear polarisation of this magnetic white dwarf were discovered by Angel et al. (1974), who reported no variations in repeated observations of broad-band circular polarisation over a month, and linear polarisation over two nights. The star was later observed in broadband circular and linear polarimetry by West (1989), who generally found similar polarisation levels and position angles to earlier work, and in broadband linear polarimetry by Berdyugin & Piirola (1999). Berdyugin & Piirola (1999) found evidence of clear change of the position angle of linear polarisation (mainly rotation of the polarisation angle) on a timescale of 20 years. We have observed the star with ISIS both in circular (twice) and in linear polarisation, and compared these observations with MCSP low- resolution spectra of I, V and P obtained by Angel & Landstreet on September 6 and 7, 1974, that were never published until now. Our ISIS spectra are consistent among themselves. When compared with spectropolarimetry obtained in 1974 and the 1990s, our new ISIS linear polarisation data find small changes in the V and P polarisation amplitude in the blue and visual, whereas the overall position angle behaviour is almost identical to that observed observed in 1974, thus we cannot confirm the changes in the polarisation position angle seen in 1997 by Berdyugin & Piirola (1999). On the other side, Antonyuk et al. (2016) found that the star is photometrically variable with a period between 5 hours and two days. Brinkworth et al. (2013) detected no short period variability, but claim that photometry varied over a ten month interval. We conclude that the star show some signs of subtle long term variability that should be further investigated.
	[image: thumbnail]	Fig. B.12 Polarisation spectra of WD 1748+708 = G240-272.



B.60 WD 1750-311 = UCAC4 295-140552 = [MTR2015] OW J175358.85-310728.9 (n.v.: – but Pphot ≃ 0.5 h)
A magnetic field of 〈|B|〉 ≈ 2.1 MG was identified by Macfarlane et al. (2017) in this hot DQ white dwarf, which has strong lines of neutral C as well as fairly strong Balmer lines. They observed clear light variability of the star with an amplitude of about ±2 % and a period of 35 min. These authors discuss the origin of the light variations: they argue that the variability is not due to pulsation, as no subsidiary frequencies are observed, and conclude that the variation could be due to rotation. They do not seem to have considered testing this with the spectra that they have collected of the object by looking for spectral variations, although they do test the spectra for radial velocity variations, and find none.
	[image: thumbnail]	Fig. B.13 WD 1750-311 observed with FORS2 on 2023-06-12 with grism 300V.



Our four FORS2 300V spectra, taken with 13 m spacing through the light variation cycle, show virtually no changes in either flux or polarisation except for Hβ, which has a strongly variable I profile depth but almost constant V/I(λ) (see Fig. B.13). Possibly this is due to a magnetic field distribution that is nearly axisymmetric about the rotation axis but a distribution of H that varies strongly around that axis. This might be related to the light variability that has been detected. We have decided to classify the star as candidate magnetically non-variable.
B.61 WD1754-550 = GALEX J175845.9-550117 (variable)
This star was discovered to be magnetic in this work (Sect. 2.1). There is a strong signal of circular polarisation that seems variable on a short timescale between 0 and 4%, suggesting a rotation period of the order of 15 min: see Fig B.14. The inferred field strength is presumably of the order of 100 MG or more. The intensity spectrum appears featureless, so the Teff ≃ 35 000 K star could be defined a hot DC.
B.62 WD 1814+248 = G 183–35 (variable)
Putney (1997) showed that this white dwarf, formerly classified as a DC, is in fact a cool DAH that shows weak Hα and Hβ, and that both lines are split by a field of about 6.8 MG, roughly the same in two observations. Kilic et al. (2019) observed that the white dwarf shows spectral variations. A series of spectra taken over several hours show that the separation of the σ components of Hα from the central π component changes rather abruptly between about 90Å and about 120 Å, equivalent to fairly sudden jumps between 〈|B|〉 values of about 4.6 and 6 MG, repeating with a period of about 4 h. The authors suggest that this unusual form of variability may be due to a patchy distribution of H over an He-rich envelope. A plausible model that might explain the observations could be a dipole oblique to the rotation axis, decentred in the direction of one pole so that the polar strengths at the two magnetic poles are unequal, with H- rich patches around both poles, but little or no H in a belt around the magnetic equator.
	[image: thumbnail]	Fig. B.14 FORS2 V/I spectra of WD 1754–550, rebinned at45 Å steps, from four exposure pairs obtained on 2023-06-12 at the times shown in the legend. The intensity spectrum is featureless.



B.63 WD 1829+547 = G 227-35 (non-variable)
This white dwarf was discovered to be strongly magnetic by Angel et al. (1975) using both broadband polarimetry and low- resolution spectropolarimetry (on September 9, 1974). Limited tests of broadband variability were negative (Angel et al. 1975, 1981). It was observed again in spectropolarimetric mode by Cohen et al. (1993) and by Putney & Jordan (1995) who estimated a dipolar field strength of 170-180 MG. We observed the same star with ISIS twice in circular polarisation and once in linear polarisation. There are strong circular polarisation features at 6960, 7450 and 7930 Å. Figure B.15 shows a comparison between all these spectra. We do not see any obvious sign of variation.
B.64 WD 1900+705 = LAWD 73 = Grw +70° 8247 (s.v.:)
The star has a magnetic field of the order of 180 MG (Jordan 2003), and shows hints of small variability. We refer to Bagnulo & Landstreet (2019b), who present a review and analysis of its polarimetric characteristics, and in particular, a comparison with observations obtained 50 years apart show some discrepancies in both linear and circular polarisation. More recent broadband circular polarisation obtained at NOT (Berdyugin et al. 2022, 2023) show no variability on a timescale of2 years (see Fig. B.1).
B.65 WD 1953–011 = GJ 772 (variable, P ≃ 1.5 d)
Maxted et al. (2000) modelled a series of Stokes I spectra in terms of a global dipolar field with polar field strength of order 100 kG, together with a spot with a field of order 500 kG. This basic modelling was confirmed by the analysis of a series of polarised spectra obtained with FORS1 and on the Russian 6 m telescope, which also revealed a rotation period of 1.448 d (Valyavin et al. 2008).
	[image: thumbnail]	Fig. B.15 Polarisation spectra of WD 1829+547 = G227-35. Top panel: Comparison between MP spectra obtained in 1974 and our ISIS spectra obtained in 2019, after degrading their resolution. Bottom panel: Comparison between ISIS spectra obtained in 2019 and a spectrum obtained by Putney & Jordan (1995) in August 1992.



B.66 WD 2010+310 = GD 229 (s.v.:)
This star was the fifth circularly polarised white dwarf to be discovered. Swedlund et al. (1974) reported a series of measurements indicating the presence of elevated levels of both circular polarisation and linear polarisation, and strongly suggesting polarisation variability. The claim of variability was then questioned by Kemp et al. (1974), who argued that the initial measurements had been badly contaminated by polarised foreground zodiacal light contamination.
Linear and/or circular polarisation of GD 229 has been measured by Landstreet & Angel (1974), Efimov (1981), Angel et al. (1981), West (1989), Berdyugin (1995), and Berdyugin & Piirola (1999).
Angel & Landstreet (1974) obtained three low-resolution I and V spectra of the star on the nights of 1973 Nov 6–8 using the MCSP. Synthetic broad-band polarimetry derived from these low-resolution spectra revealed no variations over three nights.
West (1989) observed linear polarisation in GD 229 again in 1986 using broadband filters, but found no strong evidence of variation, not even of the position angle of linear polarisation.
Observations of GD 229 using broadband polarimetry was also carried out for linear polarisation by Berdyugin (1995) and for both circular and linear polarisation, with higher precision, by Berdyugin & Piirola (1999), who compared their results to earlier work. Their results appear to show some quite significant changes in both circular and linear polarimetry compared to earlier observations by other groups. A major difficulty of comparing the various measurements is that each group has been made with different instrumentation. The consequences of using different filter passbands, different detector sensitivities as functions of wavelength, and even different (and possibly incorrect) calibration of instrumental polarimetric efficiency, make it very hard to compare these data. However, Berdyugin & Piirola (1999) do offer strong evidence for significant rotation of the angle of linear polarisation, by about 30° over 20 years, which is difficult to explain by instrumental effects. This is probably the most robust effect that emerges from comparison of the many kinds of polarimetric observations
	[image: thumbnail]	Fig. B.16 MCSP linear and circular polarisation spectra of WD 2010+310 = GD 229.



Linear and circular polarisation spectra of GD 229 were obtained in 2018 and 2019 using the ISIS spectropolarimeter on the William Herschel Telescope (Sect. 2.1). These new data are shown in Fig. B.16, and compared to the circular polarised spectra by Angel & Landstreet (1974), and to previously unpublished linear spectropolarimetry of Angel and Landstreet (see Table A.1). Remarkably, the angle of linear polarisation appears to have returned to its value during the 1970s. Other differences compared to the spectra of Angel and Landstreet are observed, but some of these are undoubtedly due to greatly different resolving power, and some may be due to uncertainties in the calibration of the 1970s data, particularly in the UV.
It is thus difficult to establish clearly how much variability has occurred in GD 229. There is evidence for variations, but these appear to have relatively small amplitude compared to the overall scale of polarisation, except possibly for position angle rotation of linear polarisation (which however has not been confirmed by our most recent linear spectropolarimetry). Furthermore, because of very limited sampling with a variety of instruments, it is not possible to establish clearly any particular timescale for variations.
	[image: thumbnail]	Fig. B.17 Circular polarisation spectra of WD 2049-222, rebinned at ≃ 410 Å, and obtained at the time specified in the legend.



We note that the spectrum of GD 229 has been modelled as due to He in a field of hundreds of MG by Jordan et al. (1998, 2001) and Jordan (2003).
B.67 WD 2047+372 = EGGR 261 (variable, P ≃ 6h)
Originally, the star was observed polarimetrically by Schmidt & Smith (1995), who did not detect its weak and sign reversing field (their measurements were 〈Bz〉 = −42 ± 59 kG and −2.5 ± 4.6 kG).
This star was discovered to be magnetic by Landstreet et al. (2016), and monitored and modelled by Landstreet et al. (2017). It is currently the weakest white dwarf field (〈|B|〉 ≈ 60 kG) that has been modelled in detail, mainly on the basis of a series of 18 ESPaDOnS spectra. The rotation period, determined from the variation of 〈Bz〉, is 0.243 d. The observed variations of 〈Bz〉 and 〈|B|〉 are well modelled using a simple dipole model.
No rotational variation is detected in TESS photometry (Hernandez et al. 2024).
B.68 WD 2049–222 = LP 872-48 (var.:)
Discovered to be magnetic by Berdyugin et al. (2022) with BBCP measurements. The star has V/I ≃ +0.1 %, and is one of the weakest polarisation levels securely detected. The inferred 〈Bz〉 field strength is only of the order of a few MG. Broadband measurements were repeated in July 2022 (Berdyugin et al. 2024) to check for variability, which was not detected (see Fig. B.1). We also observed the white dwarf three times with FORS2 with grism 300V (Sect. 2.1). The data are barely above the threshold of instrumental polarisation (≃ 0.1%; see Siebenmorgen et al. 2014), and therefore it is hard to establish whether the hints of variability seen in the spectra are real or not (see Fig. B.17). However, star WD 1116–440 shows a similar level of polarisation, and constant over about 4 year (see Fig. B.8), suggesting that the tiny variability observed in WD 2049–222 may be real and not an instrumental artefact.
B.69 WD 2049–253 = UCAC4 325-215293 (non-variable)
Discovered to be magnetic by Bagnulo & Landstreet (2020), who observed continuum circular polarisation of order 0.4% and deduced a field strength of order 20 MG. This white dwarf was re-observed in broadband circular polarisation once by Berdyugin et al. (2022) and two more times by Berdyugin et al. (2024), but shows no sign of variability (see Fig. B.1).
B.70 WD 2051-208 = BPS CS 22880-0134 (variable, P ≃ 1.5 h)
The magnetic field of this white dwarf was discovered from the shape of the Hα line by Koester et al. (2009).
We have two series of five polarised spectra each, one using FORS grism 1200B and one with grism 1200R (LB25). These unpublished data clearly reveal very rapid rotation of this massive magnetic white dwarf. The stellar rotation period is 0.0594 d = 1.425 h. The value of 〈Bz〉 ranges approximately sinusoidally between about +50 kG and −30 kG, while the corresponding values of 〈|B|〉 increase from about 200 kG to nearly 300 kG, in good agreement with the two values of <|B|> (220 and 290 kG) obtained by Koester et al. (2009) from UVES SPY spectra.
B.71 WD 2105–820 = LAWD 83 (variable)
This star was suspected to have a weak magnetic field by Koester et al. (1998), who observed that the core of Hα was abnormally broad, but they could not decide whether this was due to rapid rotation of v sin i ≈ 65 km/s orto a magnetic field of about 43 kG. Five FORS1 polarised spectra of the star by Landstreet et al. (2012) detected an apparently nearly constant magnetic field of 〈Bz〉 ≈ 10 kG. Later, FORS2 polarised spectra by Bagnulo & Landstreet (2018) and Farihi et al. (2018) reveal that 〈Bz〉 sometimes decreases to 〈Bz〉 ≈ 4 kG, so the star is apparently variable (see Bagnulo & Landstreet 2021).
B.72 WD 2138–332 = L 570-26 (variable, P ≃ 6.19 h)
The DZA star was discovered to be magnetic, with a variable 〈Bz〉 of the order of 10 kG (Bagnulo & Landstreet 2019a) and a rotational period of P = 6.19 h (Hernandez et al. 2024; Farihi et al. 2024). The same period was found from the analysis of the equivalent width and 〈Bz〉 curves by Bagnulo et al. (2024b), who proposed a magnetic model with a dipolar field with 〈|B|〉 ≃ 50 kG. The star shows photometric and 〈Bz〉 curves with light minimum corresponding to 〈Bz〉 maximum.
B.73 WD 2150+591 = UCAC4 747-070768 (variable, P ≃ 2.4 d)
The star was discovered to be magnetic by Landstreet & Bagnulo (2019), who reported two ISIS measurements that showed clearly that the field is variable with a period of hours or days. We subsequently monitored the star with one ESPaDOnS observation and several more ISIS spectra, and confirmed variability. These observations and a model of the star’s magnetic field will be presented in a forthcoming paper (LB25).
B.74 WD 2211+372 = LP 287-35 (non-variable)
This DC white dwarf was discovered to be magnetic by Berdyugin et al. (2023), who found circular polarisation in excess of 1% in the blue. It was re-observed by Berdyugin et al. (2024). It does not seem to be variable (see Fig. B.1). The field strength 〈|B|〉 is probably of the order of 60 MG or more.
B.75 WD 2316+123 = KUV 23162+1220 (variable, P ≃ 18d)
Discovered magnetic by Sion et al. (1984). Schmidt & Norsworthy (1991) reported BBCP of amplitude up to nearly 1% that varies sinusoidally with P = 17.86 d. Both the flux spectrum and the linear and circular polarisation spectra have been modelled repeatedly (Liebert et al. 1985; Achilleos & Wickramasinghe 1989; Friedrich et al. 1993; Putney & Jordan 1995); all agree that the global field strength is of the order of 30 MG. This star has the longest rotational period firmly established for a white dwarf.
B.76 WD 2359-434 = LAWD 96 (variable, P ≃ 2.7 h)
WD 2359-434 was suggested to be a magnetic star by Koester et al. (1998) on the basis of the peculiar profile of the Hα core, and 〈Bz〉 was found to be non-zero by Aznar Cuadrado et al. (2004). A series of polarised ESPaDoNS spectra revealed a rotation period of 0.1123 d (Landstreet et al. 2017). The star is also a photometric variable with the same period. The field structure has been modelled approximately, and found to be distinctly more complex than a simple dipole, with 〈|B|〉 varying approximately between 50 and 100 kG. This white dwarf offers one of the clearest examples known of a field structure that is substantially more complex than a simple co-linear multipole expansion (Landstreet et al. 2017).
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	[image: thumbnail]	Fig. 1 Correlations between field strength, magnetic variability, and other stellar parameters. Left panels: field strength versus effective temperature and versus cooling age for variable and non-variable stars of Table 1. The size of the symbols is related to the mass of the star as shown in the legend. Red symbols refer to stars that were observed at least three times with no evidence for variability; magenta symbols are for stars that were observed only twice and are tentatively assumed non-variable. Blue symbols refer to stars that show variability. Light blue symbols indicate stars that show marginal but probably real signs of variability, maybe due to a field nearly aligned with the rotation axis. Black symbols are used for stars that show signs of long-term variability that we were not able to interpret. Right panels: temperature-mass and cooling age-mass diagrams for the same sample of stars. The size of the symbols is related to the field strength as shown in the legend. The meaning of the colour is the same as for the left panels. Black lines represent the onset of crystallisation (solid line for H-thick envelop and dashed line of H-thin envelop) obtained via interpolation of the cooling tables by Bédard et al. (2020). In all panels, the yellow vertical and horizontal lines highlight the position of the box tick marks. We recall that these diagrams do not refer to a volume-limited sample and that both young normal-mass magnetic white dwarfs and highly massive magnetic white dwarfs, which are rare objects in space, are over-represented.
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	[image: thumbnail]	Fig. 2 Probability density functions of the non-variable fields in normal-mass white dwarfs with the age and field strength specified in the legend.
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	[image: thumbnail]	Fig. 3 Distributions of the fractions of variable and non-variable magnetic white dwarfs with M ≤ 1 M⊙. The blue solid line represents the number of non-variable stars younger than 2 Gyr divided by the total number of stars younger than 2 Gyr with an average field strength lower than the value in the x-axis. The red solid line refers to the same quantity for magnetic white dwarfs older than 2 Gyr. Dotted lines show the estimate of the uncertainties.
In the text



	[image: thumbnail]	Fig. B.1 Variation in the broadband circular polarisation measurements observed in three filters B′V′R′ of the DiPol-UF instrument at the NOT (Berdyugin et al. 2022, 2023, 2024). In each panel, the three dotted lines represent the average of all data obtained in a particular filter: from top to bottom, the R‘ filter (red dotted line), the V‘ filter (green dotted line) and the B‘ filter (blue dotted line). These lines are separated by ∆V/I = 0.3 %. The x-axis represents the time of the observations in days from the first measurement. The solid circles represent the difference between each measurement and the average of all measurements in a given filter (red circles for filter R′ , green circles for filter V′, and blue circles for filter B′ .
In the text



	[image: thumbnail]	Fig. B.2 WD 0004+122: Stokes V/I from two pairs of observations obtained within 15 m on 2019-10-07.
In the text



	[image: thumbnail]	Fig. B.3 Top and middle panels: WD 0313-084 observed with FORS2 in five different epochs. Bottom panels: Stokes V/I from four pairs of observations obtained within 1 h on 2023-09-19.
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	[image: thumbnail]	Fig. B.4 Upper panel: WD 0548-001 = G 99-37 flux spectra obtained with FORS1 and FORS2 compared. The Stokes I FORS spectra have not been calibrated, and the differences in slopes are almost certainly explained by instrument and atmospheric effects. Lower pane: FORS V/I spectra compared to the low-resolution MCSP spectrum of Angel & Landstreet (1974).
In the text



	[image: thumbnail]	Fig. B.5 Circular polarisation spectra of WD 1008-242 obtained with FORS2 and the 300V grism on 2022-02-10 (top panel) and with the 600B grism on 2022-01-01.
In the text



	[image: thumbnail]	Fig. B.6 Top and middle panels: Intensity and circular polarisation spectra of WD 1036-204 obtained with FORS1 and FORS2 at four different epochs; circular polarisation from Schmidt et al. (1995) is also shown with small circles. Bottom panel: Stokes V/I from four pairs of observations obtained within 10m from each other on 2013-02-21.
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	[image: thumbnail]	Fig. B.7 WD 1105-340: Stokes I and V/I profiles of Hα observed with ESPaDONs at four different epochs: 2019-03-21 (two observations), 2019-05-31, and 2022-02-22. Only negligible changes are seen between spectra.
In the text



	[image: thumbnail]	Fig. B.8 Top panel: WD 1116-470 observed with FORS2 in three different epochs. Bottom panel: Stokes V/I (re-binned at 410 Å) from individual pairs of exposures as shown in the legend.
In the text



	[image: thumbnail]	Fig. B.9 Spectra of WD 1619+046 around Hβ obtained with FORS2 on 2023-06-16.
In the text



	[image: thumbnail]	Fig. B.10 Top panels: Comparison of spectra of WD 1658+440 obtained in 1980 (Liebert et al. 1983) and in 2019 (this work). Bottom panels: Overplot of eight intensity spectra obtained in sequence with 450s exposure time, and of four circular polarisation spectra obtained from pairs of frames obtained in sequence.
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	[image: thumbnail]	Fig. B.11 WD 1712-590 observed with FORS2 in the dates shown in the bottom panel. Hβ detail.
In the text



	[image: thumbnail]	Fig. B.12 Polarisation spectra of WD 1748+708 = G240-272.
In the text



	[image: thumbnail]	Fig. B.13 WD 1750-311 observed with FORS2 on 2023-06-12 with grism 300V.
In the text



	[image: thumbnail]	Fig. B.14 FORS2 V/I spectra of WD 1754–550, rebinned at45 Å steps, from four exposure pairs obtained on 2023-06-12 at the times shown in the legend. The intensity spectrum is featureless.
In the text



	[image: thumbnail]	Fig. B.15 Polarisation spectra of WD 1829+547 = G227-35. Top panel: Comparison between MP spectra obtained in 1974 and our ISIS spectra obtained in 2019, after degrading their resolution. Bottom panel: Comparison between ISIS spectra obtained in 2019 and a spectrum obtained by Putney & Jordan (1995) in August 1992.
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	[image: thumbnail]	Fig. B.16 MCSP linear and circular polarisation spectra of WD 2010+310 = GD 229.
In the text



	[image: thumbnail]	Fig. B.17 Circular polarisation spectra of WD 2049-222, rebinned at ≃ 410 Å, and obtained at the time specified in the legend.
In the text
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      Fig. B.2 

      
        [image: thumbnail]
      

      
        WD 0004+122: Stokes V/I from two pairs of observations obtained within 15 m on 2019-10-07.

      

    

  
    
      Fig. B.4 

      
        [image: thumbnail]
      

      
        Upper panel: WD 0548-001 = G 99-37 flux spectra obtained with FORS1 and FORS2 compared. The Stokes I FORS spectra have not been calibrated, and the differences in slopes are almost certainly explained by instrument and atmospheric effects. Lower pane: FORS V/I spectra compared to the low-resolution MCSP spectrum of Angel & Landstreet (1974).

      

    

  
    
      Fig. B.7 

      
        [image: thumbnail]
      

      
        WD 1105-340: Stokes I and V/I profiles of Hα observed with ESPaDONs at four different epochs: 2019-03-21 (two observations), 2019-05-31, and 2022-02-22. Only negligible changes are seen between spectra.
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        WD 1712-590 observed with FORS2 in the dates shown in the bottom panel. Hβ detail.
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        WD 1750-311 observed with FORS2 on 2023-06-12 with grism 300V.
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        Circular polarisation spectra of WD 2049-222, rebinned at ≃ 410 Å, and obtained at the time specified in the legend.
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