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The QUIJOTE Collaboration
( http://www.iac.es/project/cmb/quijote )

http://www.iac.es/project/cmb/quijote


QT-1 and QT-2: Crossed-Dragone telescopes, 2.25m primary, 1.9m secondary.

QT-2. Instruments: TGI & FGI
30 and 40 GHz.
FWHM=0.37º-0.28º
Commissioning 2018.
Observations re-started 2021

The QUIJOTE experiment

QT-1. Instruments: MFI, MFI2.
11, 13, 17, 19 GHz.
FWHM=0.93º-0.62º

MFI: 2012-18. 
MFI2: 2022-



Polar Modulators

OMT
10-14 GHz

26-34 GHz

16-20 GHz

v Operations: Nov. 2012 – Dec. 2018. 
v 4 horns, 32 channels. Covering 4 frequency 

bands: 11, 13, 17 and 19 GHz. 
v Sensitivities: ~400-600 μK s1/2 per channel.
v Near sidelobes ~ 35 dB, far-sidelobes < 80 dB
v fknee ~ 250 mHz (pol), ~50 Hz (int)
v “HWP”: steeping polar modulator (RL<-20dB, IL< -

0.15dB, I<-40 dB)
LNA

MFI Instrument (10-20 GHz) 



MFI Science phase (Nov 2012- Dec 2018)
• Wide survey (10,800h) à RAW 10TB, binned TOD 340 GB.
• Cosmological fields (~3,000 deg2) (6,500h)
• Daily calibrators (Crab, Cass A, Jupiter, sky dips,..) (1,700h)
• Galactic centre and Haze (1,400h)
• Perseus molecular cloud (750h) à Genova-Santos+15
• Fan region and 3C58 (500h)
• Taurus region (450h) à Poidevin+19
• SNRs (W44, W47, IC443, W63) (1,150h) à Genova-Santos+17
• M31 (540h)

Science with QUIJOTE first instrument (MFI)
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Planck Collaboration 2015

Excellent complement to PLANCK at low frequencies. Legacy for future experiments (àLiteBIRD) 

Total: ~26,000 h of MFI data (3 effective years).
à ~50% efficiency during science phase.



QUIJOTE MFI science papers

MFI early results (3 papers, published):
I. Intensity and polarization of the AME in the Perseus molecular complex (Génova-Santos et al. 2015)
II. Polarization measurements in the Galactic MCs W43 and W47 and SNR W43 (Génova-Santos et al. 2017)
III. Microwave spectrum of intensity and polarization in the Taurus MC complex and L1527 (Poidevin et al. 2019)

MFI wide survey (13 papers, associated to MFI wide survey data release):
IV. A northern sky survey at 10-20 GHz with the Multi-Frequency Instrument (Rubino-Martín et al. in prep)
V. W49, W51 and IC443 SNRs as seen by QUIJOTE-MFI (Tramonte et al. in prep)
VI. The Haze region and the Galactic Centre as seen by QUIJOTE-MFI (Guidi et al. in prep)
VII. Galactic AME sources in the MFI wide survey (Poidevin et al. in prep)
VIII. Component separation in polarization with the QUIJOTE-MFI wide survey. (de la Hoz et al. in prep)
IX. Radio-sources in the QUIJOTE-MFI wide survey (Herranz et al. in prep)
X. Polarised synchrotron loops and spurs. (Peel et al. in prep)
XI. Spatial variability of AME parameters in the Galactic Plane (Fernández-Torreiro et al. in prep)
XII. Analysis of the polarised synchrotron emission at the power spectrum level (Vansyngel et al. in prep)
XIII. Intensity and polarization study of Supernova Remnants (López-Caraballo et al. in prep)
XIV. The FAN region as seen by QUIJOTE-MFI (Ruiz-Granados et al. in prep)
XV. The North Galactic Spur as seen by QUIJOTE-MFI (Watson et al. in prep)
XVI. Component separation in intensity with the QUIJOTE-MFI wide survey (de la Hoz et al. in prep)

Other MFI papers:
o Detection of spectral variations of AME with QUIJOTE and C-BASS (Cepeda-Arroita al. 2021)
o The PICASSO map-making code: application to a simulation of the QUIJOTE MFI survey (Guidi et al. 2021)
o MFI data processing pipeline (Genova-Santos et al. in prep).

To be submited 
in June



Smoothed 1 deg maps

Wide survey with the QUIJOTE MFI (10-20 GHz)

QUIJOTE 11GHz          QUIJOTE 13GHz           QUIJOTE 17GHz           QUIJOTE 19GHz    
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Approx. 29,000 deg2. Scans at constant elevation (12deg/s). Sensitivities in polarization
(Q,U):  ~35-40 μK/deg à equivalent to 2.4 μK.arcmin @ 100GHz with β=-3.

(Rubino-Martin et al. in prep.)



Wide survey with the QUIJOTE MFI (10-20 GHz)

Geostationary satellites Southern sky

North celestial pole

Final maps
(Smoothed to 1º)

(Rubino-Martin et al. in prep.)



Wide survey with the QUIJOTE MFI (10-20 GHz)

Geostationary satellites Southern sky

North celestial pole

Final maps
(Smoothed to 1º)

(Rubino-Martin et al. in prep.)
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Wide survey with the QUIJOTE MFI (10-20 GHz)

Final 1 deg maps
(scaled to 23 GHz using β=-3.1)

(Rubino-Martin et al. in prep.)



Wide survey with the QUIJOTE MFI (10-20 GHz)

(Rubino-Martin et al. in prep.)



Wide survey with the QUIJOTE MFI (10-20 GHz)

Final 1 deg maps
(scaled to 23 GHz using β=-3.1)



Wide survey with the QUIJOTE MFI (10-20 GHz)



Wide survey with the QUIJOTE MFI (10-20GHz)

Magnetic fields lines 
(Rubino-Martin et al. in prep.)

Angles: Comparison to WMAP and PLANCK in high SNR
regions, excluding calibrators (CRAB) and high FR regions
(galactic center). E.g. the median difference MFI11GHz -
LFI30: -0.5º (error=0.6º).



Wide survey with the QUIJOTE MFI (10-20GHz)
Calibration and systematic effects

(Rubino-Martin et al. in prep; Genova-Santos et al. in prep)

(see details in https://indico.ipmu.jp/event/380/contributions/5429/ )

o Calibration/ Gain modelling. Overall uncertainty: 5%. Internal consistency: <1% (null tests). 
• Primary. Point sources (Tau A, Cas A).
• Secondary. Calibration diode. 

o Beam model. Based on FEM computations with CST. 
• Verified on maps (e.g. Tau A). Geostationary sat (~45dB).

o Bandpass, polarization efficiency. Dedicated measurements. 

o Polarization angle. Tau A. Accuracy of 0.6º at 11GHz (consistency with LFI30 and WMAP23). 

o RFI and atmosphere:
• FDEC: removing mode at constant

declination to correct for RFI. Affecting 
low multipoles (l<15).

• Atmosphere (Intensity only):template 
every ~2h, based on common large-
scale modes between horns (PCA).  Atmosphere 17GHzAtmosphere 11GHz

https://indico.ipmu.jp/event/380/contributions/5429/


Wide survey with the QUIJOTE MFI (10-20GHz)
Validation of wide survey maps

(Rubino-Martin et al. in prep)
(see details in https://indico.ipmu.jp/event/380/contributions/5429/ )

30 Rubiño-Martín et al.

Table 17. Relative amplitude (�) of the CMB component in the QUIJOTE-
MFI wide survey maps with respect to the SMICA Planck map, obtained with
cross-correlations in the multipole range 100–200. Error bars are obtained
using rotations of the CMB map.

Channel A error

217 1.080 0.068
219 1.086 0.086
311 1.010 0.037
313 1.005 0.033
417 1.030 0.086
419 0.974 0.097

Combined 1.019 0.029

Figure 24. MFI wide survey 311 (horn 3 at 11 GHz) map, with the dipole
component not removed from the map. For display purposes, the map has
been downgraded to resolution #side = 256.

maps, and shows a consistent calibration with Planck within three
per cent.

5.3.2 CMB dipole

As an additional calibration test, we present here the detection of the
CMB dipole in the MFI wide survey maps, using a cross-correlation
technique similar to the one used in the previous subsection for the
CMB anisotropies. For this analysis, specific MFI wide survey maps
are generated excluding the dipole removal and the atmospheric cor-
rection steps in the post-processing stage of the pipeline. Figure 24
shows one example of these maps, for the case of horn 3 at 11 GHz.

We use a template fitting method in real space with three tem-
plates: a reference CMB dipole template map (mdip), a "foreground"
map to account for the galactic component (f), and a constant map
accounting for a residual monopole term (⇠). As in the previous
section, we assume that the MFI wide survey maps (mMFI) can be
written as a linear combination of those three templates as

mMFI = �mdip + ⌫f + ⇠ + n (22)

where �, ⌫ and ⇠ are the three coe�cients to be obtained and
n represents the noise component. The dipole template map mdip
is prepared following the methodology outlined in Sect. 4.4.2 of
Guidi et al. (2021), including both the solar and orbital CMB dipole
terms with the measured amplitudes by the Planck collaboration.
The dipole prediction is generated at the TOD level, and then this
is projected into a sky map using the PICASSO map-making algo-
rithm. For the galactic template, we use again the WMAP 9-year
K-band map after subtracting the CMB component. For this analy-

Table 18. Fitting for the CMB dipole in the MFI wide survey maps. We
present the relative amplitude with respect to the expected CMB dipole, and
the associated error. See text for details.

Channel Relative amplitude Error

217 1.04 0.22
219 0.97 0.47
311 0.88 0.09
313 0.92 0.12
417 0.99 0.30
419 1.23 0.67

Combined 0.92 0.09

sis, all maps are degraded to a common resolution of one degree.
The analysis mask combines the default QUIJOTE analysis mask
(NCP+sat+lowdec), the Planck confidence CMB mask for temper-
ature analyses (Planck Collaboration et al. 2020d), and a Galactic
mask |1 | < 30�, in order to avoid a possible bias in the dipole
determination due to the Galactic emission.

We first validate the methodology using end-to-end simulations
of the MFI wide survey including the dipole component and realistic
1/ 5 noise levels as in Guidi et al. (2021). We find that our approach
provides unbiased estimates of the dipole amplitude (i.e. � = 1)
for all MFI frequency maps, with typical errors of few percent. The
measured values in real data are presented in Table 18, for each
one of the MFI wide survey maps separately. Error bars have been
estimated using the following methodology. We rely on the null test
maps for independent baselines as the most representative method
to capture large angular scale noise in the maps. Thus, we repeat
the analysis and detect the CMB dipole in the half1/2, pwv1/2,
tbem1/2 and daynight1/2 maps. The reported values correspond to
the average dipole of the 8 cases, and the error bar is the scatter
of the 8 measurements, taken to be a representative error of the
method.

Finally, we also present the weighted average combination of
all channels, accounting for the correlation between frequencies of
the same horn. The value is � = 0.92 ± 0.09, which corresponds to
a 10-sigma detection of the CMB dipole, and it is consistent with
the Planck calibration within nine per cent.

5.3.3 Bright point sources and planets

Bright radio sources and planets have been used extensively as a
basic calibration test for MFI wide survey maps in several stages
of the pipeline. Indeed, the maps in each period are recalibrated in
order to match the Tau A model in intensity (Sect. 2.6). Below in
Sect. 9 we present a detailed study of few bright objects (Tau A,
Cas A, Cyg A, 3C274, W63, Jupiter and Venus), which could be
seen as a further validation test of the overall calibration scale of
the experiment.

5.4 Setting the zero levels

The QUIJOTE MFI wide survey intensity maps produced by our
default pipeline are insensitive to the true absolute zero level
(monopole) of the sky emission. A monopole signal is essentially
unconstrained for QUIJOTE MFI, as a global constant added to
the full TOD database is not changing the map-making solution af-
ter the basic TOD processing. Indeed, in the post-processing stage
maps are corrected of any residual monopole and dipole signals.

MNRAS 000, 1–48 (2022)
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Figure 22. Inter-horn consistency check between horns 2 and 4, in intensity
(top) and polarization (bottom).

5.2.3 Summary of the internal calibration tests

The overall calibration uncertainty quoted for the QUIJOTE MFI
wide survey maps is 5 % in intensity for all frequency maps, 5 %
in polarization for 11 and 13 GHz, and 6 % in polarization for the
combined 17 and 19 GHz maps (see last two rows in Table 15).
These values are mainly limited by the physical modelling of the
point-sources (Tau A, Cas A) used to calibrate the experiment. In
intensity, all the tests in this section show that the internal consis-
tency of the calibration and gain model, which spans 6 years of
measurements, is within the one per cent level. In polarization, the
internal consistency tests show that the calibration is controlled at
the 2–3 per cent level for frequencies 11, 13 and 17 GHz, while for
19 GHz, and particularly for horn 2, this uncertainty could be up to
6 %. However, we note that in this later case, the quoted uncertainty
includes calibration errors, polarization e�ciency uncertainties and
1/ 5 noise contributions.

5.3 Other calibration tests

5.3.1 CMB anisotropies

CMB anisotropies in intensity can be measured in the QUIJOTE
MFI wide survey maps using a cross-correlation with an external
CMB template. We follow the methodology described and validated
in Section 6.5 of Guidi et al. (2021), and use a template fitting
method with two templates: a reference CMB map (mCMB), and
a "foreground" map to account for chance alignments between the
CMB and the Galactic foregrounds (f). The basic assumption is that

Figure 23. Relative amplitude of the CMB signal in the QUIJOTE MFI
maps, using cross-correlations with the Planck SMICA map. Error bars are
obtained using rotations of the CMB map. For consistency, we show that the
average signal of the cross-correlation with rotated CMB maps is consistent
with zero, as expected.

the QUIJOTE map (mMFI) can be written as a linear combination
of these two maps as

mMFI = �mCMB + ⌫f + n (21)

where � and ⌫ are the parameters of the linear combination, and n
represents a noise component. Using the cross spectra of the QUI-
JOTE maps with both external templates, ⇠MFI,CMB

✓ and ⇠
MFI,f
✓ ,

we can extract both � and ⌫ parameters. As shown in Guidi et al.
(2021), this method produces unbiased results for the CMB recon-
struction (� = 1), provided that there is a perfect consistency with
the calibration of the CMB map. Thus, the method can be used as
an additional calibration test.

Here, we use as a reference the SMICA 2018 map (Planck Col-
laboration et al. 2020d), but we have checked that consistent values
are obtained using other versions of the Planck CMB map (NILC,
COMMANDER, SEVEM). As foreground template, we use the
WMAP 9-year K-band map (Bennett et al. 2013), after subtracting
the CMB component. The analysis mask is the same as in Guidi
et al. (2021), which combines the default QUIJOTE analysis mask
(NCP+sat+lowdec) with the Planck common confidence mask for
temperature analyses (Planck Collaboration et al. 2020d), apodized
with a simple 2-degree smoothing. All cross-spectra in this section
are computed using X���. Error bars are obtained using rotations
of the CMB map in steps of �; = 18�, as in Guidi et al. (2021).
The analysis is carried out in the multipole range [100, 200], but
consistent results are obtained in other ranges (e.g. we also tested
[30, 200], but the overall significance is lower in this case due to the
larger 1/ 5 contribution of lower multipoles). The final results are
shown in Figure 23 and Table 17. The CMB signal is detected in all
channels, with a significance larger than 10-sigma in all cases. These
error bars are consistent with the level of 1/ 5 noise in the QUIJOTE
maps (see Table 4 in Guidi et al. (2021)). We note that, due to the
strongly correlated noise in the MFI intensity maps, estimates from
the same horn tend to deviate in the same direction. All values are
consistent with � = 1, providing an independent confirmation of
the calibration scale of the maps. Finally, we also provide a com-
bined measurement of the CMB signal present in the QUIJOTE
MFI maps, using a weighted average combination of all channels
and accounting for the noise correlation between frequencies of the
same horn. The overall result (1.02 ± 0.03) provides a 35-sigma
detection of the CMB anisotropies in the QUIJOTE MFI intensity

MNRAS 000, 1–48 (2022)
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the half-mission null tests and those for the ring null tests is useful
for checking residual calibration and/or systematic e�ects on large
angular scales. Given that the ring null test maps cancel out possible
variations in scales longer than 30 s (i.e. the duration of one azimuth
scan), they can be used as our best estimate of the noise level, which
includes white noise and 1/ 5 on degree scales. Any variation on
scales longer than one minute, due either to calibration uncertainties
in the gain model or systematic e�ects, will appear as a signal excess
in the HMNM. As illustration, the top panel in Fig. 14 shows the
ring null-test noise maps for the 311 (horn 3 at 11 GHz) case. The
results of this comparison are shown in Table 16. Column 5 presents
the rms value for the ring noise maps, and column 6 shows the signal
excess in the half-mission noise maps. Comparing these values with
those in Tables 10 and 13 for the noise levels for the wide survey, we
find that in polarization, the rms excess due to unknown systematics
is well below the white noise levels, with typical values in the range
5–20`K. In intensity, we find a similar situation for horn 3 and
the 17 GHz frequency maps of horns 2 and 4. For the two maps at
19 GHz (horns 2 and 4), the residuals are slightly larger than the
white noise levels, but still well below the total noise contribution in
those channels (column 5). As a reference, for horn 3, the residuals
at beam scales are of the order of ⇠ 50`K. These numbers are used
to complete the main table 15, appearing as "unknown systematics"
in real space. As a conservative choice, the values for horns 2 and 4
are combined linearly instead of using a quadratic combination.

5.2.2 Unknown systematics in harmonic space

We use the ratio of cross-power spectra of the null test maps with
some external maps, as the reference tool to validate the calibration
in harmonic space. The use of cross-spectra to external maps min-
imises the e�ects of noise bias on the power spectrum estimation.
In practice, given two maps 1 and 2 that we want to compare, we
compute

�1,2 =

**
⇠

1,X
✓

⇠
2,X
✓

+
✓

+
X

(19)

where ⇠8,X
✓ is a cross-spectrum of map 8 = 1, 2 with some other ex-

ternal map X, with X running over all possible uncorrelated internal
and/or external maps, and the brackets represent the (unweighted)
average in a given multipole range (< ... >✓ ) or over all external
maps (< ... >X), respectively. For completeness, we also evaluate
the uncertainty on this parameter (f�1,2 ) as the standard deviation
of those ratios over the external maps,

f�1,2 =
1p
=X

BC3-

 *
⇠

1,X
✓

⇠
2,X
✓

+
✓

!
(20)

where =X is the number of external maps involved in the analysis.
In this section, all cross-spectra are obtained using X���. The

reference mask adopted for this computation covers the declination
range 8�  X  77�, and thus excludes the low declination region
which is generally noisier and is not covered in all data splits, and
also excludes part of the NCP. This mask is apodized using a 5�
cosine function, as implemented in the N�M����� library (Alonso
et al. 2019). All maps have been smoothed to a common resolu-
tion of one degree. For MFI, the ratios are evaluated and averaged
within the multipole range ✓ = 30 to ✓ = 200. The lower value
of ✓ = 30 guarantees that the pseudo-⇠✓ estimation is not a�ected
by mode coupling due to incomplete sky coverage, and constitutes
a conservative choice regarding possible large scale residuals due

Figure 20. Intra-nulltest calibration of the MFI widey survey. We show the
consistency of the null test maps, for intensity (TT, top) and polarization
(average of EE and BB, bottom).

to RFI and atmosphere, as discussed in the previous section. As
external maps, we decided to use low frequency maps ( 70 GHz)
from satellites, in order to have similar foreground components to
the signal in the QUIJOTE maps. In particular, we use the 9-year
WMAP maps (Bennett et al. 2013) for bands K, Ka, Q and V, and
the bandpass corrected DR2 Planck-LFI maps at 30, 44 and 70 GHz
(Planck Collaboration et al. 2016b).

5.2.2.1 Intra-nulltest calibration. We first evaluate the relative
calibration of the wide survey, using the six null test maps described
in Sect. 4.1, namely half (mission), rings, halfring, daynight, PWV
and TBEM. For each case, we compare the relative calibration of
the two maps in each pair ⌘1 and ⌘2, as in equation 19.

Fig. 20 shows the result both for intensity (TT) and polarization
(average of EE and BB) data. In intensity, we find a good consistency
of all the di�erent data splits well within one per cent. At 11 and
13 GHz, the maximum discrepancy is found to be 0.3 %. The average
of the six null test cases is consistent with one (perfect relative
calibration) within 0.2 %. At 17 and 19 GHz, the maps from horn
4 present a maximum discrepancy of 0.7 %, and the scatter of the
six measurements stays within 0.5 %. Horn 2, which is known to be
the noisiest one, presents the larger discrepancy of �1.6 % for the
half-mission null test, and the average of the six values is consistent
with one within 1 %.

In polarization, we find larger values of the scatter, as expected
due to the lower signal-to-noise ratios of these maps, although we
remind that in this case our analysis also probes possible time vari-

MNRAS 000, 1–48 (2022)

o Null tests (half, daynight, pwv, rings, 
halfrings, TBEM)à Global uncertainty of 5-
6% in polarization. Internal consistency in 
intensity ~1%. 

o CMB signal. CMB detected via cross-
correlation QUIJOTE x Planck (SMICA). 
11GHz: 1.01±0.04 in l=100-200 (0.98±0.05 
in l=30-200). Combined: 1.02±0.03. 

o CMB dipole.  Dipole signal detected via
direct measurement and also with cross-
correlations: D=0.92±0.09. (10-sigma).

o Radiosources and planets. Consistency
with TauA, CasA, CygA, Jupiter and Venus.

https://indico.ipmu.jp/event/380/contributions/5429/


Wide survey with the QUIJOTE MFI (10-20GHz)
Noise properties of the maps

(Rubino-Martin et al. in prep.)

TT

EE

BB

• Noise correlations between frequencies of the
same horn (H). E.g. ~80% between 11 and
13GHz in intensity, and ~33% in polarization.

[HFF]



Wide survey with the QUIJOTE MFI (10-20GHz)
Synchrotron E-B modes and E/B ratio

• Most prominent polarized structures (Fan, 
NPS, loops) appear in the E-map.

• EE/BB ratio is approx. 4 at large scales
(Rubino-Martin et al. in prep.). Consistent 
with Martire et al. 2022 (WMAP+Planck).

• For thermal dust, the ratio was closer to 2 
(BB/EE~0.5, Planck Collaboration XI 2018).

• We measure EB and TB consistent with 
zero. Positive TE at large angular scales.

E-modes
(11GHz)

B-modes
(11GHz)

Analysis at the power spectrum level confirms 
this result (Vansyngel et al. in prep.)

(Rubino-Martin et al. in prep.)



Spectral index of the polarized signal
(between QUIJOTE MFI 11GHz and WMAP
23GHz). Maps at 2 deg and nside=64, and
prior N(-3.1,0.3):

β(11-23GHz) = -3.09 ± 0.14

Significantly broader than existing models.
E.g. PySM synch model 1 (Thorne et al.2017),
which corresponds to "Model 4" of Miville-
Deschênes et al. (2008) gives -2.99 ± 0.06.

Component separation using parametric
methods (B-Secret) with QUIJOTE, WMAP and
Planck data gives same results à see talk by
Elena de la Hoz.

QUIJOTE-MFI wide survey results: synchrotron polarization

(Rubino-Martin et al. in prep.)



QUIJOTE-MFI wide survey results: synchrotron polarization

o Auto- and cross-spectra of QUIJOTE, WMAP, PLANCK maps in northern sky (|b|>10º).
o Pol. Synchrotron spectral index: -3.20±0.05.  [ Planck: -3.13±0.13, S-PASS: -3.22±0.08 ].
o Dust-synchrotron correlation: ~ 0.18±0.06. 
o Variability on sky (compared to other results: Planck Col. XI 2018, Krachmalnikoff et al. 2018). 

(Vansyngel et al. in prep)

Contamination of the CMB at 90 and 150GHz by
the synchrotron B-modes. Regions at 95% C.L. : 



QUIJOTE-MFI wide survey results: modelling the AME

o Génova-Santos et al. (2017): Best upper limits to date, from W44 region (< 0.4% at 17GHz 
from QUIJOTE, and < 0.22% at 41GHz from WMAP). 

o See poster by Raul Gonzalez (re-analysis of W43+W44+W47 and ρ Ophiuchi).
o Poidevin et al. (in prep): Study of 56 AME sources (includes targets from PIR XV 2014). 
o Intensity: 

o QUIJOTE-MFI provides a cleaner separation of the AME, free-free and synchrotron
components. Generally, higher AME and lower free-free.

o Clear correlation (90%) of AME/taudust with radiation field G0. Seen in Tibbs et al. (2011, 
2012), and PIR XV (2014).

o Clear correlation between AME and dust peak. Poor correlation between G0 and EM.

(Poidevin et al. in prep)



QUIJOTE-MFI wide survey results: modelling the AME (II)

o Detection of spectral
variations of AME 
properties in the Lamda
Orionis region,~10ºx10º 
(Cepeda-Arroita et al. 
2021). 

o Joint QUIJOTE & C-BASS 
paper.

o Spatial variability of AME 
properties. 

(Cepeda-Arroita et al. 2021)



Anomalous microwave emission (AME) spatial variations 
along the Galactic Plane with QUIJOTE-MFI (10 - 20 GHz)

Mateo Fernández-Torreiro1,2

1 Instituto de Astrofísica de Canarias, E-38200 La Laguna, Tenerife, Spain


2 Departamento de Astrofísica, Universidad de La Laguna, E-38206 La Laguna, Tenerife, Spain


Presenting Fernández-Torreiro et al. (in prep., 2022) results


On behalf of 

QUIJOTE 


collaboration:

1. Motivation & methodology:

• Knowing CMB foregrounds is mandatory for future B-modes 

science. We aim to assess the improvement from QUIJOTE-

MFI data to the study of Galactic foregrounds in intensity.

• Build intensity spectral energy distributions (SEDs) at 1 

degree resolution for every nside=64 pixel in the Galactic 
Plane (GP) (|b|<10º) using aperture photometry [1].


• Fit the SED between 0.408 and 3000 GHz through a MCMC 
with synchrotron, free-free, spinning dust (or AME), CMB and 
thermal dust emission components with just physical priors.

2. Obtained maps for foreground parameters:

• AME is the main focus of this work, as it is the least well-

known foreground from those mentioned before.

• Variations in AME intensity are clearly detected. Strongly 

correlated with dust emission/opacity (τ) (SRCC>0.9).

• However, variations on AME spectral parameters (peak 

frequency, νAME, or parable width, WAME) are not significant.

• Several other correlations obtained. For example: νAME vs 

Td and AME emissivity vs. G0 (ISRF proxy).

Example SEDs computed for a certain pixel dominated by AME emission in the 20-60 GHz frequency range. Left: 

main result when using every frequency map available. Right: same, but discarding QUIJOTE-MFI points, to 
assess the improvement induced by the new QUIJOTE-MFI data.

Maps obtained for some of the parameters used to fit the previous SEDs.

Distribution of the residuals (variations with respect to the median 
value along the GP) for AME peak frequency, νAME

3. Some results:

• νAME=20.7±2 GHz is the median value along the GP, 

lower than previous results [2]. WAME=0.56±0.05, larger 
than characteristic values in SPDUST [3] models.


• Bad free-free determination (heavily degenerated 
with synchrotron, partially with AME).


• Correlations with FIR surveys: marginal preference 
for 8 μm band over 25 μm one (2.3σ).


• Difference from previous works (e.g. [4]): no external 
information on any SED parameter is introduced. For 
example, synchrotron spectral index (αsyn) is left free. 
Flatter values than usual (~-0.9 / -1.0) are obtained.


• Analyses repeated without MFI points. Leakage from 
AME to free-free: up to 50% of the AME signal!

4. Lessons learnt:

• νAME and WAME different from previous results / 

models studying spinning dust emission.

• Variations on AME statistically detected only 

for its intensity. Spectral parameters show 
uncertainties too large.


• Additional low-frequency measurements are 
needed to disentangle synchrotron and free-
free. C-BASS @ 5 GHz [5] will greatly help to 
solve this issue.


• Marginal preference for polyciclic aromatic 
carbons (PAH, 8 μm band) over general very 
small grains (VSG, 24 μm band).


• Important underestimation (overestimation) of 
AME (free-free) signal when no QUIJOTE-MFI 
data (10-20 GHz) is used.

•              : mateoft@iac.es


•                            : 


•        : @torreiror

Poster electronic version: Please say hi!

[1] Cepeda-Arroita et al., 2021; [2] Andersen et al., 2022; [3] Ali-Haïmoud et 
al., 2009; [4] Planck Collaboration 2015 Results X; [5] Jones et al., 2018

QUIJOTE-MFI wide survey results: modelling the AME (III)

o Extending the previous work to the Galactic plane (|b|<10º) seen by QUIJOTE MFI.
o AME parameterization: parabola in log S – log ν plane, three params (A, νAME, width). 
o Spatial variability of AME properties seen in other regions. Correlations. 

(Fernandez-Torreiro et al. in prep).

Variability of AME parameters in the galactic plane

See poster by 
Mateo 

Fernandez-
Torreiro



QUIJOTE-MFI wide survey results: Haze emission

(Guidi et al. in prep)

Data: wide-survey + raster 
scans
Intensity

● Haze component is 
detected at 9σ, at 11 GHz.

● Spectrum steeper than 
previous measurements 
(β=−2.56±0.05, Planck IX, 
2013).

Polarization
● Sky signal residuals 

observed in polarization 
after subtracting other 
foregrounds. Possibly due 
to curvature of the spectral 
index.

● TT-plots show flat spectra 
indices at 23-30 GHz and 
steep spectra at 11-23 GHz 
and 2.3-23 GHz.

See poster by 

Federica Guidi



o Systematic study of a catalogue of 782 sources in the 
QUIJOTE wide-survey maps

o Completeness limit at 11 GHz ~1.8 Jy
o Study of polarisation properties of ~35 sources <Π> = 

[2.8,4.7] %

o Blind variability search → 7 variable sources, with 3 
being strongly variable:

(Herranz et al. in prep)

QUIJOTE-MFI wide survey results: radiosources
See poster by 

Diego Herranz



v TGI: 31 pixels at 30GHz. Measured sensitivity: 50 μK s1/2 for 
the full array. First light May 12th 2016. 

v FGI: 31 pixels at 40GHz. Sensitivity: 60 μK s1/2 for the full 
array. First observations in 2018-19 (with 14 pixels).

v Joint TGI/FGI observations started in 2018. Stopped during
2020. Problem with the cryostat fixed à re-started Nov 2021 
with 7 pixels. 
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v TFGI: December 2021 – new commissioning observations

v Preliminary characterisation of the instrument performance
v Noise properties

o White noise level ~ 400-900 μK·s1/2 per channel
o fk ~ 20 - 50 Hz in intensity

o fk < 100 mHz in polarisation.

v Beam characterisation
o FWHM (30 GHz) ~ 22 arcmin. 
o FWHM (40 GHz) ~ 17.5 arcmin.

TGI (30 GHz) and FGI (40GHz) 
instruments @ QT2

Sky dips (January 2022)



v MFI upgrade (MFI2 @ QT-1). Fully funded. Aim: to increase
the integration speed of the MFI by a factor 3 (mainly
coming from the new LNAs) à Sensitivity of < 1μK.arcmin @ 
100GHz (β=-3) in widey survey. Now 2.4μK.arcmin @100GHz. 

v 5 horns. Three covering the 10-14GHz band, and two
coverning 16-20GHz. 

v Full digital back-end (FPGAs) à RFI removal. 
v Status: Cryostat fabricated and tested. Opto-mechanical

components fabricated. Now in assembly phase.

v Operations: 3 effective years, starting late 2022. 

MFI2 Instrument (10-20 GHz) 



QT1 + QUIJOTE MFI 10-20 GHz: 2012-2018.
o Wide survey (>10,000h) completed. Four maps at 11, 13, 17, 19GHz, with

sensitivities ~35-40 μK/beam in polarization. 13 papers in preparation. Data
release will happen after acceptance of first 6 papers. Legacy value for LiteBIRD.

o 4 posters in this conference!
o Implications for foreground studies of QUIJOTE MFI data

§ Synchrotron. Spatial variability of synchrotron spectral index. Curvature. 
Dust-synchrotron correlation (~20%).

§ AME modelling (AME pol. fraction < 0.22%)

QT2 + TGI (30 GHz) and FGI (40 GHz): 2018-2025. 
o Joint TGI/FGI operation in the same cryostat (14/15). 
o Observing plan TGI/FGI science phase: cosmo survey in 3 effective years.

QT1 + MFI2 (10-20 GHz): 2023-2025. 
o Final integration phase. Higher sensitivity by a factor 3 x MFI. Less RFI.

TMS (10-20GHz): 2023-2025.
o Spectroscopy. Absolute scale for QUIJOTE. Synchrotron monopole.

Combination with other experiments at Teide Obs.: 2023-2025.
o Groundbird (150, 220GHz), LSPE-STRIP (43, 90GHz). Northern sky.

Summary and conclusions

@QuijoteCMB


