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Abstract: We review results from the POLAMI program, which monitors the polarization properties
of 36 blazars at the IRAM 30 m telescope. We found that the variability of the degree of linear
polarization is faster and of higher amplitude at 1 mm than at 3 mm and that the linear polarization
is also more variable than the total flux. The linear polarization angle is highly variable in all sources
with excursions >180◦; and for the case of the polarization angle, also the 1 mm variations appear
to be faster than those at 3 mm. These results are fully compatible with recent multi-zone turbulent
jet models, and they definitively rule out the popular single-zone models for blazars. They also
further confirm that the short-wavelength (inner) emitting regions have better ordered magnetic fields
than the long-wavelength ones (further downstream). Moreover, the POLAMI program has shown
statistical evidence that, for most of the monitored sources, circular polarization emission is displayed
the majority of the time. The circular polarization detection rate and the maximum degree of circular
polarization found are comparable with previous surveys at much longer wavelengths, thus, opening
a new window for circular polarization and jet composition studies in the mm range. The process
generating circular polarization must not be strongly wavelength-dependent. The widespread
presence of circular polarization in the POLAMI sample is likely due to Faraday conversion of the
linearly polarized synchrotron radiation in the helical magnetic field of the jets. The peculiar behavior
of circular polarization in 3C 66A, which we consider a hallmark of circular polarization generation
by Faraday conversion in helical fields, is discussed.

Keywords: galaxies: active; galaxies: jets; quasars: general; BL Lacertae objects: general; polarization;
surveys

1. Introduction

The radio-loud class of active galactic nuclei (AGN) are characterized by powerful
relativistic jets that radiate strongly at all spectral ranges from radio waves to the highest
energy γ-rays. The relativistic nature of these jets, when oriented close to the line of sight
(as in the case of blazars), further enhances the emitted power by relativistic Doppler
boosting. The relativistic jet pointing to us then often outshines the entire host galaxy.

The AGN jet emission also shows fast total flux density and polarization variability
all along the electromagnetic spectrum, e.g., [1–6]. The millimeter-range jet emission is
produced by the synchrotron process, testifying to the important role that magnetic fields
play in the formation of jets that are also an essential ingredient for the jet-formation
mechanism, e.g., [7], as well as for the emission mechanisms, e.g., [2,4].

Observations of the polarization characteristics, therefore, provide information about
the physical parameters of the magnetized plasma by breaking some degeneracies in the
modeling of non-polarization data, particularly if circular polarization is observed together
with linear polarization at more than one single frequency.

Observations at millimeter wavelengths scrutinizes the innermost optically thin re-
gions of relativistic jets [8,9], therefore, offering an unaltered picture of these sources,
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virtually always free of opacity effects. Furthermore, the Faraday rotation measures, which
are expected to not be much larger than∼105 rad m−2 e.g., [10,11] but [12]. At short millime-
ter wavelengths, these rotation measures produce only small polarization angle rotations
that allow measureing the polarization emissions almost unaltered from these effects.

Perhaps because of the weak circular polarization that has traditionally been detected
at centimeter wavelengths, not much research has been performed regarding this relevant
parameter. Previous single dish surveys were made at the Parkes telescope [13], the Univer-
sity of Michigan Radio Observatory [14], the Effelsberg 100 m telescope [15,16], the Arecibo
telescope (R. Taylor, private communication) and the IRAM 30 m telescope [9,17]. Interfero-
metric observations have also been performed with VLBI by the MOJAVE program [18],
with connected interferometers at the VLA [19] and at ATCA [20,21].

A first attempt to make a study the variability of the four Stokes parameters (i.e., not
only the total flux and linear polarization but also the circular polarization) of a relatively
large sample of AGN at mm wavelengths was performed in [9]. Here, we provide a review,
also containing some new data and ideas, of the main results obtained by the POLAMI
(Polarimetric Monitoring of AGN at Millimeter Wavelengths1 program; see [22–24]), at the
IRAM 30 m Telescope in Granada (Spain). This program has been monitoring a set of 36
AGN at a good sampling rate since 2006.

2. The POLAMI Program

POLAMI is a long term monitoring program conducted at the IRAM 30 m telescope
that observes simultaneously the total flux, the linear and circular polarization of a set of
some of the brightest millimeter AGN at 86 (3.5 mm) and 229 GHz (1.3 mm); see [22] for the
source list and calibrators observed. Observations are mainly made with the Observatory’s
EMIR receiver [25] and the XPOL 4-Stokes polarimetric procedures [26]. The program
started in autumn 2006 and is expected to be active until at least the summer of 2024. Here,
we report on the data collected up to the first evaluation date on 18 August 2014.

The median time sampling during this period was ∼22 days; see also [22–24]. The
source sample (which contains most of the sources included in the VLBA-BU-BLAZAR
program [27] to maximize the science output of the POLAMI, the VLBA-BU-BLAZAR, and
all the parallel monitoring programs along the spectral range) includes 24 flat spectrum
radio quasars, 11 BL Lac objects and three radio galaxies with redshifts ranging from
z = 0.0176 to z = 2.218.

Details about control of the data reduction and calibration, in particular about the
evaluation of the quality of the acquired data and the instrumental polarization estimate
and its correction are given in [22] (total flux), [23] (circular polarization) and [24] (linear
polarization and angle). After all calibrations and corrections, a (1σ) sensitivity of 0.5 % in
linear polarization fraction was reached, as well as 4.7◦ in polarization angle and 0.23 % in
circular polarization 3.5 mm. At 1.3 mm, these values are typically 1.7%, 9.9◦ and 0.72%.

3. Results and Variability Analysis

In Figure 1, we show an example of the observational products that the POLAMI
program provides systematically for every one of our monitored sources. Figure 1 shows
the 3 mm data of the total flux (I), linear polarization degree (mL), linear polarization angle
(χ) and circular polarization (mC) for one of the sources in our sample, i.e., 3C 66A. The
nπ ambiguity of the polarization angle at the 3 mm wavelength was handled by rotating
an angle by nπ if the difference to the weighted mean of the two immediately preceding
measurements was larger than π/2, with n chosen to minimize the difference.

For 1 mm, χ was rotated by the multiple of π, which made its value as close as
possible to the simultaneously observed value at 3 mm. Although the POLAMI program
is still active and a database contains updated measurements for essentially every new
observing session, in the following sections, we review the results from the program
reported in [23,24], which cover the time period spanning from October 2006 to August
2014. More updated results are in preparation and will be published elsewhere.
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Figure 1. The POLAMI database product for the BL Lac object 3C 66A at 3 mm wavelength. The total
flux (I), linear polarization degree (mL), linear polarization angle (χ) and circular polarization (mC)
measurements (top to bottom) are shown for our POLAMI observations from the start until June
2021. The two red lines overlaid on the mC data illustrate the mC trains discussed in the text.

3.1. Total Flux and Spectral Index

The total flux results for the entire POLAMI sample reported in [22] show that all
sources are highly variable at both 3 and 1 mm with max/min ratios ranging from ∼2 to
≈42 and with median power spectral density (PSD) slopes β3 ∼1.9 and β1 ∼1.6 at 3 and
1 mm, respectively. At 3 mm, the median fractional variability amplitude2 F̃3 ∼0.3, whereas
at 1 mm F̃1 = 0.4. F1, shows larger values than F3 for a given source in general, therefore,
implying that bright mm AGN at 3 mm shows smaller variability amplitude than at 1 mm.

The time needed for the auto-correlation function (ACF, as defined in [24]) to drop
from its maximum to zero, τ0, represents a characteristic time scale of the most prominent
flares in the total flux data. The median τ0 at 3 mm is 318 days for the POLAMI sample
whereas, at 1 mm, τ0 is also smaller (median value 197 days) as well. Therefore, the data
show that the total flux has smaller fractional variability amplitudes and longer time–scales
at 3 mm with regard to 1 mm, therefore, reflecting that the longer wavelength emission
comes from a larger and less-variable region than the shorter wavelength one. This agrees
with turbulent models reproducing the variability of AGN jet plasmas involving larger cell
sizes at longer wavelengths, e.g., [28].

The spectral index between the short millimeter wavelengths of the POLAMI observa-
tions (α3) is also variable and only positive in exceptionally bright flares when the spectrum
is optically thick see [24]. However, for most of the time, the spectral index is negative
(with the median α̃ ≈ −0.6) for the studied sources; see also [9]. This is different from what
is reported in cm radio observations, where the α is typically ∼0 or positive, i.e., at least
partially optically thick [15,29].

3.2. Linear Polarization Degree

The POLAMI database also shows remarkable variability in the linear polarization
degree for most of the monitored sources, although the variability is clearly different from
the one in total flux for all sources (see, e.g., Figure 1). mL ranges at 3 mm from ∼0% to
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∼15% with median m̃L ≈ 3% for the sample, whereas, at 1 mm, the values of mL range
from ∼0% to 16% and have a median m̃L ≈ 6%. This might suggest a larger polarization
degree at 1 mm than at 3 mm.

However, this effect is subject to bias resulting from the systematically higher noise at
the shorter wavelength. Further evidence for the larger polarization degree at 1 mm was
obtained from the study of individual observations. The ratio of 1 mm to 3 mm linear polar-
ization degree detections made simultaneously for every observation of every source in the
sample, i.e., the mL,1/mL,3 ratio presented in [24], gave median values of ˜mL,1/mL,3 ∼2.6,
hence, confirming previous studies showing that, the 1 mm linear polarization degree was,
in general, larger than at 3 mm in AGN jets [9,17].

This cannot be attributed to the effect of the Rician bias on the POLAMI data, which
was considered and, therefore, was compensated accordingly. Depolarization due to optical
depth or Faraday depolarization is often an issue at longer wavelengths; however, it is
small or negligible at our short millimeter wavelengths, even at 3 mm; see [24].

For the higher linear polarization peaks, the time scales of variability of mL, given by
τ0, were significantly shorter for the 1 mm data (τ̃0 = 45 days) with regard to the 3 mm data
(τ̃0 = 171 days). This result was also shown to be reproduced when comparing the τ0 at 3
and 1 mm for every given source; see [24]. Furthermore, the time scales of variability of mL
were found to be shorter than for the total flux, hence, showing that the linear polarization
varies over shorter time scales than does the total flux at both 3 and 1 mm.

Once more, these findings are consistent with inhomogeneous (perhaps turbulent)
jet models where the emission is produced in regions of different characteristic sizes and
configurations of the magnetic field at every spectral range such that the magnetic field
cells at 1 mm are better ordered, in general, than at 3 mm. Within this scenario, the faster
linear polarization variability as compared with such in total flux density is produced by
the cancellation of orthogonal polarization sub–cells within the same emission region at
every given observing wavelength.

3.3. Linear Polarization Angle

The linear polarization angle (χ) varies strongly at 3 and 1 mm as well for all sources in
the POLAMI sample, while maintaining a good general level of correspondence (within the
errors) or the χ measurements at both wavelengths. A relevant aspect to study regarding
the χ variability is the one of large polarization angle rotations by more than 90◦. Within
the POLAMI sample, 33 out of 36 targets displayed χ rotations by ≥90◦, and 21 of them
had ≥180◦ rotations.

The numbers are similar for the case of the 1 mm polarization angles, hence, reflecting
that large χ rotations are common in AGN jets. The ≥180◦ rotations happened on time
scales of the order of 80 and 150 days on average at 1 and at 3 mm, respectively, although
large deviations were found from these numbers for particular sources. The standard
deviations of the time scales for the ≥180◦ swings were 368 and 208 days for the 3 and
1 mm data, respectively.

3.4. Misalignment between Linear Polarization and Jet Position Angles

The new 3 and 1 mm data sets of the polarization angle χ published in [24] are an
order of magnitude larger than previous similar millimeter studies [9,17]. We, therefore,
undertook a new analysis of the alignment of the instantaneous polarization direction
with respect to the position angle φ of the inner jet. Figure 2 shows the distribution of
observations with respect to the misalignment angle |χ− φ| separately for quasars and
BL Lac objects.
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Figure 2. Misalignment between the polarization angle χ and the jet direction φ at 3 and 1 mm
wavelengths for quasars and BL Lac objects. The polarization angle measurements were taken
from [24], while the jet position angles were from [27], except for 0355+508 [30] and for 0235+164,
which was taken from the VLBA–BU–BLAZAR program web page; see also [24]. The number of
independent 3 and 1 mm observations are indicated for both blazar classes.

The distributions sampled over the period 2009–2014 are markedly different for the
two blazar classes. While the orientation of the polarization angle is completely random for
quasars, BL Lac objects display a clear preference for alignment. This finding is at variance
with some previous observations at longer wavelengths (see, e.g., [31,32]) but agrees with
the MOJAVE survey at 2 cm [33]. A high observing frequency and long monitoring periods
may be important for bringing out this result. This may also explain why our two previous
singl–epoch surveys [9,17] did not find clear signs of alignment.

Two-dimensional axisymmetric models of polarized emission of blazar jets, e.g., [34]
predict that the polarization angle is parallel to the jet axis or, under some restricted
conditions, perpendicular to it. It, therefore, seems that BL Lac objets are compatible, to a
large degree, with the idealizations used in the model, mostly cylindrical symmetry and low
synchrotron optical depth. Some of these idealizations, notably the cylindrical symmetry,
appear to break down in quasars. The much higher level of activity in quasars as compared
with BL Lac objets demonstrated by the frequent appearance of superluminal ejections and
the often distorted geometry of their jets, may favor the occurrence of numerous shocks,
which may make any angle with the overall jet direction. Alignment is then quickly lost.

Closer inspection of the POLAMI data for BL Lac objets shows that the dominance
of small misalignment angles |χ − φ| is due to 7 out of 11 sources—namely, 0219+428,
0829+046, 0851+202, 0954+658, 1101+384, 1219+285 and 2200+420. The remaining four
sources have rather flat distributions as with those of most quasars. On the other hand,
there is a minority of quasars in the sample—namely, 0336−019, 0836+710, 1222+216,
1226+023 and 1641+399, which have distributions with peaks at |χ− φ| near zero, except
for 1226+023, which has peaks near 90◦.

We, therefore, conclude that the type of alignment behavior, random or peaked, is not
primarily related with the blazar class, although we stress again that BL Lac objets have
clearer tendency to align at |χ− φ| close to zero. We postulate that the physical reason for
the distinct alignment behavior of quasars and BL Lac objets may lie in the dominance of
shocks in the jet structure, which appears to be more pronounced in quasars as compared
to BL Lac objets. If this is the case, in our current POLAMI data set, shocks dominate the jet
structure in 30% of the BL Lac objets and in 70% of the quasars.
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3.5. Rotation Measure between 3 and 1 mm

An estimate of the 3 to 1 mm rotation measures (RM, as measured for every source
and for every observing epoch), by taking advantage the simultaneity of the 3 and 1 mm
polarization observations in the POLAMI program, was also made [24]. However, the
propagated errors in the computation of RM, of the order of ∼2 ×104 rad m−2, prevented
the provision of any information about the variability of RM. Nonetheless, the POLAMI
team is in the position to set constraints on the typical RM values from the POLAMI data.
The results show that the measured RM values are .105 rad m−2, which is consistent with
other RM measurements measured at longer wavelengths in the literature [10,11,35–39]
but [12].

3.6. Relation between the Total Flux, Linear Polarization Degree and Polarization Angle Variability

A simple visual inspection of Figure 1 and those corresponding the all remaining
sources in the POLAMI sample reveals that, except for extremely prominent flares; where
all emission by a source might be driven by a single isolated emission zone, there is no
general correlation of the total flux and the linear polarization parameters at either 3 or
1 mm, thus, reflecting that I, mL and χ follow independent evolutions. This has been
formally checked by correlation studies; see [24].

For the emission at a given observing wavelength coming from a single emission
zone, the I, mL and χ data trains should behave in a coherent and correlated way. The fact
that a completely different behavior has been observed, in general, for all sources in the
POLAMI sample indicates that the emission in bright millimeter AGN jets should come
from at least two (likely more) emission zones, which is in line with previous evidence
presented in support of inhomogeneous and dynamic plasmas in AGN jets, e.g., such as
those reproduced by turbulence models.

3.7. Circular Polarization

The POLAMI program has acquired 2728 observations at the 3 mm wavelength of
circular polarization (mC ) up to 18 August 2014. These data are shown and discussed in
detail in [23].

The main results, of which many are directly visible in Figure 3, are that (1) all but
one sources of the sample were detected in mC —most of them several times; (2) the
distribution of the observed mC values of most sources as well as of the whole sample is
broader than that of the calibrators; (3) the highest mC detected, 2%, and the detection rate
are comparable to previous surveys at centimeter wavelengths; (4) in most sources where
mC was detected more than 10 times, the sign of mC is variable, only a minority of seven
sources have a strong sign preference, and among these seven sources, three of them were
already known to show this behavior; (5) circular and linear polarization are not correlated
in general; and (6) the time scale of mC variations is on the order of, or faster than, our
typical sampling interval of 1 month. Nonetheless, in a few sources, we detect coherent
evolution of mC on time scales of 1 year.

Based on findings 1 and 2, the striking result of this large 3 mm survey is that circular
polarization is widespread among the blazar population. This is shown not only by the
mC detection in virtually all sources but also by the statistics of the large number of mC
measurements. They permit an accurate determination of the width of the mC distribution,
which is found to be larger for AGN than for the unpolarized calibrators (see Figure 3).
Clearly, weak mC of order .0.5% is present in most sources most of the time.

The high maximum degree of circular polarization and the high detection rate outlined
in finding 3 constituted another surprise, since the simplest models for the creation of mC
predict a strong decrease of mC with decreasing wavelength. In particular, this is the case
for synchrotron radiation and for the intrinsic Faraday conversion of linear into circular
polarization in homogeneous jets [40]. Motivated by the widespread presence of mC and by
the increasing evidence for helical magnetic fields in blazar jets, [23] suggested that most of
the observed mC is generated by extrinsic Faraday conversion where the linear polarization
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emitted in one region of the jet is partially converted to mC in a downstream region with a
different orientation of its magnetic field.

However, contributions by intrinsic circular polarization cannot be excluded owing to
the softer dependence of this mechanism on wavelength, which may allow intrinsic circular
polarization radiation lead at high frequencies; see [40]. Finding 4 is particularly well illus-
trated by the mC distribution of 0316+413, the radio galaxy 3C84, which is systematically
offset to negative mC ; see Figure 3 and [23]. Something similar happens for a small set of
an additional six sources, which were observed to have a strong preference for positive or
negative mC [23].

This group of "unipolar" sources constitutes, however, less than one third of our
sample. There is strong evidence that many of the other sources change their sign of mC
during the 7 year observing period reported in [23]. Such sign changes occur in synchrotron
radiation if the line-of-sight magnetic field changes direction. In the favored mechanism
of extrinsic Faraday conversion, sign changes are a natural consequence when the angle
between the magnetic fields projected on the sky plane in the emitting and converting
regions changes sign.

Figure 3. Distribution of 3 mm measurements of circular polarization, mC , of a few selected sources,
the calibrators and of all data in our sample (2261 valid observations). In the top frame, blue and
green colors code measurements with signal-to-noise ratios greater than 3 and 1, respectively. The
red curve is a Gaussian fit to the calibrator measurements.

Despite our favoring of external Faraday conversion for the creation of circular polar-
ization , significant correlation between linear and circular polarization is not observed in
the full data set [23] (Figure 5). We suggest that this is a consequence of the generally low
signal-to-noise of the mC values coupled with a low conversion efficiency. For example,
an efficiency of 8% (see below) converts a typical observation of 5% linear to 0.4% circular
polarization, which is at, or below, our detection threshold.
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This does not prevent, however, our detection of a correlation in few events of short
duration (see below), which are heavily diluted and thus not visible when the full data
set is plotted. Circular polarization appears to vary rapidly. A representative example is
the quasar 0528+134, which was detected 16 times during the 7 year monitoring period,
Figure 3. All 16 detections are well isolated in time, separated by extended periods when
mC was below the detection threshold. The POLAMI database contains only one single
case, 0836+710 during 2007–2008 when detections at σ >∼ 3 were made contiguously in time.
The variability time scale of the bulk of the 3 mm mC data is, thus, found to be of order of
our sampling interval of .1 month or shorter.

The time coherent evolution of mC is observed in a few sources during limited periods
of time. A noteworthy example is the quasar 1127−145 whose linear polarization under-
went a nearly 1 year long outburst peaking on 2003.1 at mL ∼10%. During this period, mC
displayed a significant increase marked by 12 observations of mC ∼0.8% of which six were
detections at 3σ and one at 5σ. The Faraday conversion efficiency was of order 8% for this
rather singular event. A few more events of time-coherent mC evolution were detected,
which will be discussed in separate papers.

4. Discussion and Conclusions

The results presented in the previous sections can be summarized as follows: (a) the
shorter millimeter wavelength emission appears to come from smaller regions with pro-
gressively better magnetic field orders, (b) one-zone models are excluded to reproduce the
general properties of millimeter polarization of blazars, (c) blazar jets cannot be axisym-
metric in general, at least regarding their polarization emission, (d) there are hints of fast
circular polarization variability and frequent sign changes, in general, on the POLAMI data,
and (e) circular polarization appears to be present in blazars at millimeter wavelengths, in
general, at levels ≤2%.

The majority of these results conform with previous paradigms for millimeter emis-
sions in blazar jets, e.g., [41], although slight modifications of this paradigm are needed to
account for the general results that the POLAMI program has provided. These include that
blazar jets need to be only slightly more non-axisimmetric than traditionally considered in
order to explain the variability of the polarization emission. Furthermore, the prominent
emission features that are visible in blazar jets at a given time should perhaps be more
than one and likely do not cover the entire cross section of the jet.

We propose that the widespread occurrence of circular polarization in blazar jets
at short millimeter wavelengths can be explained by the Faraday conversion of linear
polarization into circular polarization from large-scale and well-ordered helical magnetic
fields threading the jets. This should be combined with inhomogeneous dynamic processes
to explain the short time scale of variability in circular polarization. Intrinsic circular
polarization production can also explain the POLAMI circular polarization data. This
possibility cannot still be excluded without a detailed modeling of a significant population
of sources.

How do we expect unequivocal evidence for a Faraday conversion origin of circular
polarization in helical fields to look? Optimum observing conditions may occur in a source
where the helical geometry is well developed and not disturbed by rapidly traveling
shocks or by other jet bending forces. This tends to narrow down the candidates to BL Lac
objets, particularly those of low activity, i.e., few if any superluminal ejection events. The
intermediate frequency peaked BL Lac object 3C 66A (Figure 1) is among the sources that
satisfy these conditions.

The flux density of this source evolved rather smoothly between the two outburst
in 2011 and 2018, suggesting that the jet emissions during this period were dominated
by plasma freely streaming along the field lines. Circular polarization during this period
of quiescence displayed rather peculiar behavior, only clearly seen once in the POLAMI
database, following two parallel trains, each crossing zero and being coherent during about
3 years.
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The simplest interpretation of this phenomenon is that the linearly polarized radiation
from a stationary source, likely the core of the jet, passes through a plasma cloud whose
embedded magnetic field smoothly rotates in the clockwise direction. Circular polarization
increasing from negative to positive values is, thus, generated through Faraday conversion,
while the circular polarization is zero when the fields of the plasma cloud and the core
are aligned.

We envisage that the field rotation is simply due to the motion of the plasma cloud
along a helical path. Our observation of two (or more) circular polarization trains indicate
that the scenario is actually more complicated, involving more than one plasma cloud
traveling along different but stable helical paths. We suggest that this event caught by
POLAMI in 3C 66A constitutes the hallmark of circular polarization generation by Faraday
conversion in helical fields. The details are being investigated for a forthcoming paper.

5. Outlook

The POLAMI program has accumulated 2728 observations during its first 7 years up
to the first evaluation date in august 2014. Additional 2428 more observations have been
made since then up to mid-May 2021. Recently, three more years of monitoring time have
been granted at the IRAM 30 m Telescope, at the end of which we expect a total of more
than 6200 valid observations. The key benefit of the exceptionally long duration is, apart
from obtaining a precise statistical overview of the polarization properties of the blazar
population, the chance to witness special events which throw new light on jet physics.
Two such events have been recorded during the first 7 years, and a few more since then.
Also, for the phase of the POLAMI program since mid–2021, the source sample has been
partly modified to help addressing new scientific challenges in the field of high energy
astrophysics, e.g., the origin of high energy extragalactic neutrinos detected by current TeV
particle detectors, and the composition of extragalactic relativistic jets and their energetics.

It is an essential aspect that POLAMI operates simultaneously in full polarimetric
mode and at 3 and 1 mm wavelength, the shortest wavelengths of any blazar monitoring
program. Also, the current POLAMI program involves a new Target of Opportunity mode
component that will make possible to quickly react to alerts or rapid and unpredicted
blazar events of special interest. This, combined with the planned multi–waveband total
flux and polarization coverage (wherever possible) from a number of the main astronomical
facilities across the spectrum, around the globe, and in orbit makes the POLAMI program
a remarkably useful tool for blazar studies. Indeed, in 2022, a series of POLAMI obser-
vations were synchronized with observations of the Imaging X-ray Polarimetry Explorer
(IXPE) satellite.

We have pointed out above that the circular polarization observations of POLAMI are
severely sensitivity limited. The circular polarization histogram with all sources combined
(Figure 3, top frame) indeed suggests that the bulk of the sources may become detectable
in circular polarization much more often if the sensitivity would be increased by a factor
2. This appears quite possible when some of the upgrades under discussion of the IRAM
30 m telescope take place. The most important and decisive component is the backend
which performs the cross–correlation between the orthogonally linearly polarized receivers
and thus giving Stokes V. The currently used backend VESPA limits the bandwidth used
in practice to 500 MHz, much less than the bandwidth of 4 GHz of the receivers. Modern
digital backends can handle such large bandwidths, e.g., [42], which may result with XPOL
in even a factor 3 gain in sensitivity. A further planned upgrade at the IRAM 30 m Telescope
is the installation of an array of receivers for wide field of view imaging. Although our
sources are all point–like, the off–axis pixels of the array will give an improved control
on instrumental polarization and atmospheric disturbances. The third component of
the planned upgrade concerns an improvement of the telescope surface and its thermal
behavior. We expect this to result in an improved stability of the 1 mm instrumental
polarization, probably enabling the first detections of circular polarization at 1mm. This is
of great scientific interest because information on the spectrum of the short–mm circular
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polarization will then be available for the first time. The wavelength dependence of circular
polarization is the primary tool for discriminating between emission mechanisms.
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Notes
1 http://polami.iaa.es (accessed on 19 July 2022).
2 See [24] for the actual definition of fractional variability amplitude used here.
3 Defined as α = ln(I3/I1)/ln(86/229), where I3 and I1 are the simultaneous 3 and 1 mm (86 and 229 GHz, respectively) total fluxes.
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