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Supplementary Information

Supplementary Table 1 Log of the Swift observations
of Mrk 421 in May/June 2022.

Swift-Obs ID  Dates 0.3-10.0 keV flux
(YYYY-MM-DD) (10~ 'terg s~ cm~2)

31540031 2022-05-01 46 £ 1
31540032 2022-05-03 38+1
31540033 2022-05-05 44 +1
31540034 2022-05-07 64+ 1
96557003 2022-05-02 46 +1
96557004 2022-05-03 42 +1
96557005 2022-05-04 39+1
96557006 2022-05-05 48+ 1
96557008 2022-05-08 84+1
31540051 2022-06-01 93+1
31540052 2022-06-02 90 £ 1
96557009 2022-06-03 88+1
31540053 2022-06-04 541
31540054 2022-06-04 7941
31540055 2022-06-05 69+ 1
96557010 2022-06-06 116 + 1
89326001 2022-06-07 14141
96557011 2022-06-08 104 + 2
96557012 2022-06-12 7342
31540056 2022-06-16 5241
31540057 2022-06-17 69+ 1
31540059 2022-06-19 110+ 1
31540060 2022-06-20 T4+1
31540061 2022-06-21 59 +1
31540062 2022-06-22 61+1
31540063 2022-06-23 62+1
31540064 2022-06-24 56 £ 1
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Supplementary Figure 1 Swift-XRT light curves of Mrk 421 in May-June 2022. From top to
bottom: soft (S band: 0.3-2.0 keV, red stars) and hard (H band: 2.0-10.0 keV, blue squares) fluxes,
hardness ratio, a and [ parameters for a best-fit log-parabolic model. The dashed vertical lines
indicate the beginning and the end of each IXPE observation. All the values are obtained from a
spectral fit of the Swift-XRT data and error bars represent a confidence interval of 68%.
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Supplementary Figure 2 VLBA images of Mrk 421images were acquired at 7 mm at three epochs
near the times of the IXPE observations. Contours represent total intensity, in factors of 2 starting
at 2% (left image) or 1% (middle and right images) of the peak intensity of (left to right) 0.35, 0.28,
and 0.26 Jy per beam. Colour coding indicates relative linearly polarized intensity, with maxima of
(left to right) 5.7, 7.2, and 5.7 mJy per beam. The yellow line segments correspond to the position
angle of polarization. The cross-hatched ellipse in the lower left of each panel gives the FWHM of the
elliptical restoring beam, which corresponds to the direction-dependent angular resolution. Marked
positions are relative to the locations of the maximum intensity.
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Supplementary Figure 3 Polar plots of the IIx-1x plane. Confidence contours of X-ray polar-
ization derived within ixpeobssim for IXPE are shown for Obs. 2 (left panel) and 3 (right panel)
of Mrk 421. The polarization degree is displayed in percentage units. For each case, the contours
at 68.26%, 95.45%, 99.73%, and 99.994% confidence level (considering two degrees of freedom) are
displayed, colour-coded in red, yellow, green, blue.
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Supplementary Figure 4 Log-likelihood difference as a function of the polarization angle rotation
rate according to the maximum likelihood analysis method. For each observation set, the difference
is relative to the minimum at the best fit value of the rotation rate, . Results of the search for Obs.
1, 2, 3, and for Obs. 2 and 3 combined are colour-coded in black, green, red and blue, respectively.
In Obs. 2, for example, U = 0 can be ruled out at the 7 o level because AS > 50 with respect to the
best fit.
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Supplementary Figure 5 Results of fitting the Stokes parameters vs. time as a function of the
number of time bins involved. In both panels (top: results for Obs. 2, bottom: results for Obs. 3),
we display the null hypothesis probability for a fit with a constant model (black symbols) or with
a model including a constant rotation of the polarization angle (red symbols). Circles and stars are
the results of fitting ¢(¢) and u(t), respectively. The blue dot-dashed line indicates a null hypothesis

probability of 1%.
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Supplementary Figure 6 Best-fits of the Stokes parameters light curves having a time binning
between one and ~17 hours. Circles and stars indicate light curves of ¢(t) and w(t), respectively.
Red and blue colors indicate the light curves of Obs. 2 and Obs. 3, respectively. The black solid line
represents a fit with a model of a constant rotation of the polarization angle. The dotted horizontal
line indicates null Stokes parameters. Error bars represent a confidence interval of 68%.
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Supplementary Figure 7 Variation in the Stokes parameters as a function of time through all
three observations of Mrk 421 taken with IXPE. The black cross denotes the time-integrated average
values of Q and U along with its 1 — ¢ uncertainty region. The coloured circles denote the measured
mean values of Q and U in each time bin and their 1 — o uncertainty radii. The inner and outer
dashed circles represent constant polarization degrees of II = 10% and IT = 20%, respectively, to help
guide the eye. The colours of the data points correspond to the elapsed time relative to the beginning
of the observation (in ks).
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Supplementary Figure 8 Random-walk parameter search for the second IXPE observation. The
numbers in the squares indicate the fraction of successful trials.
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Supplementary Figure 9 Random-walk parameter search for the third IXPE observation. The
numbers in the squares indicate the fraction of successful trials.
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Supplementary Figure 10 Random-walk parameter search assuming the second and third IXPE
observations are part of the same rotation. The numbers in the squares indicate the fraction of
successful trials.
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Supplementary Figure 11 Archival light-curves of Mrk 421. From the top to the bottom panel,
we display the optical brightness (black triangles: R-band, Steward observatory, orange and cyan
triangles: c-band and o-band, ATLAS observatory), and X-ray flux (lower panel, black triangles). The
grey shaded areas represent the duration of the IXPE paintings. Error bars represent a confidence
interval of 68%.





