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Abstract

Magnetic fields are ubiquitous in the universe. In the context of exoplanets, how-
ever, their strength and prevalence remain poorly constrained, with only indirect
observational limits available to date. They play a key role in shaping the activ-
ity of stars, the habitability of rocky planets, and the long-term retention of
planetary atmospheres. Theoretical scaling laws are largely constrained by the
limited set of stars and Solar System planets, leading to a wide range of possible
values for hot giant planets outside of the Solar System, from fractions of the
Jovian field to orders of magnitude larger. Ultra-hot Jupiters, with their highly
ionised atmospheres, provide a new avenue to probe magnetic effects, as their
atmospheric circulation could be directly sensitive to atmospheric magnetic field
strength. However, it remains unclear whether magnetic effects can be obser-
vationally identified in exoplanet atmospheres and used to constrain their field
strengths. Using high-spectral resolution observations targeting the planetary
iron lines, we measure the Doppler shift and thus the wind speed of seven tran-
siting ultra-hot Jupiters. We find a clear decrease of wind speed with increasing
planetary temperature, a trend inconsistent with purely hydrodynamic mecha-
nisms but naturally reproduced by magnetic drag. From this relation, we estimate
the possible strength of magnetic fields of hot giant planets to at most a few
gauss—comparable to the Jovian equatorial field. Our results support the idea
that magnetic fields affect the atmospheric circulation of ultra-hot Jupiters and
could provide a crucial benchmark for scaling laws used to predict magnetic fields
in exoplanets, from hot Jupiters to rocky Earths, with additional implications
for future direct observations.

1 Introduction

For gas giant planets, such as Jupiter, interactions between the atmospheric flow and
the atmospheric magnetic field (for Jupiter varying between ∼ 4 G at the equator and
a maximum of ∼ 21 G, [1]) lead to a dissipation of the atmospheric jets at pressures
where hydrogen becomes conductive [2, 3]. Such dissipation, when applied to hot
exoplanets, could be strong enough to explain the long-standing issue of their inflated
radii [4, 5].

Numerous theories have been proposed to provide a unified description of magnetic
field formation in stars and planets via a scaling law that depends on the heat convec-
tive flux [6]. For hot Jupiters, the predictions based on this scaling law differ widely.
On the one hand, models predict magnetic fields of hundreds of gauss for hot giant
exoplanets [7, 8] based on the implicit assumption of additional heat deposited in the
deep, dynamo region. On the other hand, recent works accounting for the feedback
between induced currents in hot atmospheres and the convection-supported dynamo
field [9–11] predict a low magnetic field with at most a few gauss for the same class
of hot exoplanets.

Thus far, the wide diversity of magnetic fields among Solar System planets,
together with the absence of direct measurements for exoplanets, limits the bench-
marking of these two opposed predictions and, in consequence, our understanding of
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magnetic fields in planets. Another important complication is the high ionisation of
these planets, leading to the possibility of large induced fields [12].

Observationally, promising results were shown for star-planet-interactions (SPI)
measurements based on activity indicators for planets in extremely short orbits [13–
16] which can e.g. be observed via the modulation of the Ca II doublet lines as a
function of orbital phase [17, 18] or light curve asymmetries [19–21]. However, both
techniques are highly susceptible to false positives as stated in the respective works
themselves, particularly those arising from stellar activity or the underlying depen-
dence on the specific SPI modeling. While their tentative results of hundreds of gauss
for the atmospheric magnetic field strength support the high magnetic field regime
hypothesis, these results have to be interpreted with caution.

If the order of magnitude result from SPI works holds true, the associated radio
frequencies (100 G corresponding to 280 MHz) should be observable routinely with
current facilities. Surprisingly, decades of search for radio emission signals [22–25]
have led to a single tentative detection by [26] that could not be confirmed through
follow-up observations [27]. Possible reasons for this lack of detection are the naturally
transient and directional nature of radio emissions [28] and potentially the shielding
mechanisms of the highly ionised atmospheres of hot planets [29]. In fact, it is the
inherent directional nature requiring beaming in the line of sight that does not allow
to place a firm upper limit on magnetic fields from such non-detections as they could
simply reflect an unfavourable geometry or a lower than expected radio flux. Moreover,
current ground-based radio observations of exoplanetary magnetic fields are inher-
ently restricted due to strong attenuation of high-frequency radio waves in Earth’s
ionospheric D layer, most severe below 10 MHz. This translates into an observational
cut-off corresponding to a minimal observable magnetic field strength of ∼ 3.6 G [30].
In light of these limitations and the long-standing difficulty of securing a detection,
it is worth considering—without excluding the possibility of future breakthroughs—
that the absence of firm radio emission observations from hot exoplanets may reflect
an intrinsic upper limit to the strength of their magnetic field.

As an alternative, the atmospheric magnetic field strength could be deduced indi-
rectly for planets outside of the Solar System. In this context, ultra-hot Jupiters with
temperatures above 2000 K provide an exceptional opportunity. Due to tidal syn-
chronisation, the rotation period of ultra-hot Jupiters is expected to be significantly
longer than the Solar System gas giants at the order of days instead of ∼ 10 hours
for Jupiter or Saturn. This implies a much diminished role of the Coriolis force on
the winds of ultra-hot Jupiters. Secondly, the energetic input into ultra-hot Jupiter
atmospheres exceeds Earth’s insolation by three orders of magnitude on average. In
consequence, the stellar irradiation dwarfs the intrinsic planetary heat flux. Combining
both leads to a strong day-to-night-side temperature gradient which drives sub-stellar
to anti-stellar flow - from here on called day-to-night-side wind [31]. Without taking
other processes into account, in a purely hydrodynamical scenario, wind speeds of this
day-to-night-side wind should increase with increasing equilibrium temperature [32].

However, in ultra-hot Jupiter atmospheres, thermal ionisation of alkali metals
might lead to a strong coupling between the atmosphere and their atmospheric mag-
netic field inducing mainly Ohmic drag [for planetary equilibrium temperatures beyond
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1600 K, 4, 5, 33]. Particularly, similar to the processes in the deep layers of Jupiter,
Ohmic drag is expected to slow the wind speed. Given that ionisation increases rapidly
with temperature, magnetic drag would lead to decreasing wind speeds with increasing
temperature [5, 34, 35].

As proposed early on by [36] and equally shown in [11] directly measuring the speed
of the planetary winds for a population of exoplanets beyond the 1600 K temperature
limit, such as ultra-hot Jupiters, allows us to establish if Ohmic drag is likely the main
driver of kinetic energy dissipation in hot atmospheres. If this trend can be observed,
it provides us with the opportunity to estimate the order of magnitude of atmospheric
magnetic fields for planets outside of the Solar System by measuring the speed of the
planetary winds and discriminate between the two postulated field strength regimes.
Any such method, however, would be sensitive to the total atmospheric field, that is
composed of the sum of the deep-seated dynamo field and the field induced by the
atmospheric motions and therefore can only provide order of magnitude estimates.

Wind speed measurements on exoplanets have become routine with the arrival of
ultra-stable, ultra-precise high-spectral resolution spectrographs on large telescopes
such as ESPRESSO [37] and MAROON-X [38]. These instruments are capable of
resolving the wind-induced Doppler shifts in the planetary spectral lines, which has
allowed the community to characterize the wind profiles in exoplanets in unprece-
dented detail [e.g. 39–43]. [44] presents a summary of the reported day-to-night side
winds and describes a heterogeneous picture without a clear overarching trend as a
function of temperature [see similarly 45, for implications on Ohmic drag]. However,
these conclusions are drawn from datasets reduced by different groups and are further
shaped by the underlying assumption that the various atmospheric tracers used to
infer these winds are equivalent in origin and diagnostic power. Yet, different tracers
are potentially sensitive to different regions of the atmosphere [43, 46], taken with
different instruments and wavelength ranges, as well as applied to different classes
of planets that might be affected by different physics. This highlights the need for a
clearly defined study sample, such as ultra-hot Jupiters in our case, analysed homo-
geneously with the same atmospheric tracer and the same observational setup to
mitigate biases.

2 Transit spectroscopy observations

For this homogeneous population study shown in Extended Data Figure 1 and
Extended Data Table 1, we select iron as our atmospheric tracer because its rich forest
of spectral lines in the optical makes the observations more robust against local noise
than single-line measurements. Compared to other refractory species, iron is found to
be a robust tracer of planet metallicity, making our study less sensible to temporary
changes [47].

We focus on Jupiter-sized targets observed with either MAROON-X on Gemini-
North or ESPRESSO at ESO’s VLT on Paranal Observatory because of their high
spectral resolution, wavelength coverage and most importantly telescope mirror size
and resulting signal-to-noise ratio (S/N). The data was either directly acquired from
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the informed principal investigators (PIs) or downloaded from the ESO archive in the
case of public - and prior published - ESPRESSO data.

The overview of the data with the named targets, as well as the details of the
analysis and necessary corrections such as the telluric or the Rossiter-McLaughlin
effect corrections are described in the Methods (Section 5.1). Importantly, this also
includes our measurement of the largest uncertainty on the velocity, the system velocity
- between the barycenter of the host system and the Solar System - which can be
poorly constrained in the literature (see Methods Section 5.1.5.

We cross-correlate the iron template from [48] with our data using tayph [49].
Given the uncertainty on the orbital velocity, we marginalise over the orbital velocity
as well as over the planetary wind velocity. The resulting detection maps for each
target can be found in Extended Data Figure 2.

The resulting line-of-sight atmospheric wind speeds derived from the iron lines’
Doppler shift are shown in Figure 1. We find that the average day-to-night wind speeds
at the terminator of ultra-hot Jupiters range from approx. 7 km/s (WASP-76 b) to less
than 2 km/s (WASP-189 b). Figure 1 shows a decreasing trend of the wind speed as a
function of equilibrium temperature for planets with equilibrium temperatures above
1600 K, which marks an important result emerging from the study of the population
of ultra-hot Jupiters instead of singular objects.

3 Interpretation of the observed velocity trend

For tidally locked planets, wind speeds are expected to increase with temperature:
higher planetary temperatures amplify the day–night contrast, strengthening the pres-
sure gradient that drives atmospheric flow [31]. This trend, however, cannot persist
indefinitely, as winds are ultimately limited by dissipative processes. Our observation
that wind speeds decrease with increasing temperature indicates that the efficiency
of the mechanisms dissipating atmospheric flow must rise sharply with equilibrium
temperature across the range probed by our sample.

3.1 Evidence for Ohmic dissipation

Ultra-hot Jupiters are dominated, in their upper atmospheres before the effects of
escape are notable, by a global sub-stellar to anti-stellar flow [39, 43, 50, 51]. The mag-
nitude of this flow is determined by the balance between the input energy source, which
is mainly the stellar irradiation, and the dissipation of energy by different mechanisms.
These can either be due to hydrodynamical instabilities (e.g. Rayleigh-Taylor instabil-
ities [52], shocks [53, 54], or, specifically for ionised atmospheres, Ohmic drag [5, 55].
In such a framework, the scaling of the dissipation mechanisms with the planetary
temperature is what determines the scaling of the winds with planetary temperature
at the population level.

One way to quantify this equilibrium is by considering atmospheres as heat engines.
This approach has proven fruitful for the understanding of hurricanes on Earth [56]
and rocky exoplanets [57], and was proposed in [58] for the application to hot and
ultra-hot Jupiters.
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Fig. 1 A clear trend of decreasing wind speeds with equilibrium temperature. We show day-to-night
line of sight wind speeds for the available population of ultra-hot Jupiters as measured from iron
with a clear decrease in wind velocity as a function of equilibrium temperature. The uncertainty of
the equilibrium temperature is the error propagation of the effective temperature of the star and the
stellar radius to semi-major axis ratio in the calculation of the planet’s equilibrium temperature. The
uncertainty on the wind speed is the fit uncertainty of the observed cross-correlation peak, taking into
account the photon noise of the data, as well as the propagated uncertainty of the system velocity
measurement.

This framework, described in more detail in the Methods 5.2, ultimately links the
kinetic energy dissipation as a function of planetary temperature to the drag time
scale (see Extended Data Figure 5) and accounts for the geometry of the atmospheric
dynamics by scaling to Global Circulation Models (GCMs, see Extended Data Figure
4).

Hydrodynamical processes have been proposed to limit wind speeds in hot Jupiters,
with shear instabilities and shocks identified as the most likely candidates. As shown
in [58], for the case of planetary-scale hydrodynamic instabilities, the wind speed is

still expected to increase with temperature as T
4/3
eq (see their equation 15). Similarly,

if winds were limited by shock dissipation, they would likely scale with the sound
speed, as

√
(Teq). As shown in Figure 2, the observed decrease in wind speed with

temperature is consistent with predictions from the magnetic drag model, while the

7



2000 2100 2200 2300 2400 2500 2600 2700 2800
Teq [K]

0

2

4

6

8

10

wi
nd

 sp
ee

d 
[k

m
/s

]

1 G
2 G
3 G
10 G
30 G
100 G
Shear
Shock
Data

Fig. 2 Ohmic drag models reproduce the observed trend of decreasing velocities. We show the
measured velocities as data points with the Ohmic drag models for ultra-hot Jupiters colour coded
at different atmospheric magnetic field strengths. For comparison the classical models only invoking
shear instabilities (dashed) or shocks (sound speed, dashed dotted) to dissipate kinetic energy are
shown. The data points and uncertainties are taken from Figure 1.

hydrodynamic shear instability (instability scale as the planetary diameter) and shock-
limited models are clearly incompatible with the data. We thus conclude that Ohmic
drag is the most likely mechanism that limits the wind speed in ultra-hot Jupiter
atmospheres.

3.2 Estimation of the atmospheric magnetic field strength

Whereas the slope of the wind–temperature relation provides evidence for Ohmic drag
acting to slow the winds, the absolute wind speed can be used to infer the approximate
atmospheric magnetic field strength.

In order to link the observed wind speed to the atmospheric magnetic field values,
we need to determine which pressure levels are probed by the observations. We do
this by calculating the contribution with a framework designed specifically for cross-
correlation spectroscopy (see Extended Data Figure 6). We find that our observations
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probe from 1 to 100 mbar with a maximum of the contribution function at 30 mbar.
In order to derive our estimate of the atmospheric magnetic field, we averaged the
ionisation fraction at all pressure levels using the contribution function as a weighting
factor (see 5.2.2 for more details). Finally, atmospheric retrievals have shown that the
refractory abundance in ultra-hot Jupiter atmospheres is similar to the metallicity of
their host star [47, 59, 60]. Given that hot Jupiter host stars are slightly enriched in
metals, we used a metallicity of 0.15 dex, following the peak of the population [61].
One important limitation of the applied model is the lack of induced fields which
play a significant role on the day-side of ultra-hot atmospheres where the magnetic
Reynolds number is large, Rem >> 1 [12, 35, 62], as well as the likely stronger impact
of the radial component of the induced force on the total drag experienced by the
atmosphere. While the mere fact that the day-to-night side flows are preserved and
reduce in strength with temperature indicates small magnetic fields in itself, be it
radially or otherwise [36], we caution against an over-interpretation of the applied
model beyond the order of magnitude scale and invite self-consistent MHD follow-up
work.

As shown in Figures 2 and 3, our wind speed measurement of the five planets
between 2200 and 2500 K points towards a constant magnetic field of at most 2 G, with
little variation between targets. For the hottest two planets we derive larger magnetic
field values (up to 6 G), although with much larger errorbars.

In inverting the wind speed measurements into atmospheric magnetic field
strength, we made multiple informed choices about several atmospheric parameters.
As discussed in more detail in the Methods 5.2.2, the main source of uncertainties in
our estimate comes from the estimate of the contribution function, the temperature
that is relevant to calculate the ionisation fraction, and a possible projection factor
between the actual wind speed and the measured winds projected along the line-of-
sight. Whereas all these have an effect on the measured wind speed, Figure 3 shows
that all caveats would bias us towards lower atmospheric field strength, meaning that
we can firmly limit the atmospheric magnetic field of hot gas giants to a few gauss.

Nonetheless, our derivations provide a remarkably narrow range of potential mag-
netic field strengths and most importantly show that the atmospheric fields are likely
homogeneous across the population of ultra-hot gas giants.

4 Discussion and Conclusion

The absolute atmospheric magnetic field strength of exoplanets has been a long stand-
ing open question, with direct observations intrinsically limited to large field strengths
and indirect methods plagued by false positives. As a consequence, it was unclear
up to now whether scaling laws derived from observations of stars and in-situ mea-
surements of solar-system planets could indeed apply to exoplanets and potentially
inform habitability as different applications yielded predictions ranging from several
hundred to a few gauss. In this work, we observe that wind speeds in ultra-hot Jupiters
decrease very strongly with planet temperature. We further show that Ohmic drag
is the best explanation for this decrease, due to the strong temperature dependence
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Fig. 3 Ultra-hot Jupiters have maximum atmospheric magnetic field strength compatible with
Jovian values. We show the derived maximum atmospheric magnetic field strength as a function of
equilibrium temperature with the values derived with uncertainties through error propagation from
the data in Figure 1. Additionally, we provide the main impacts that could create deviations on
the absolute atmospheric magnetic field strength, notably order of magnitude deviations in pressure,
the maximum deviation from the equilibrium temperature, and an underestimation of the absolute
wind speed velocity from the line of sight measurement. The cumulative impact of all these effects is
marked with a dark cross. These are order-of-magnitude estimates of the average atmospheric field
in the equatorial regions, including both the deep-seated dynamo field and the field induced by the
atmospheric flow.

of the atmospheric conductivity. Our observations rule out the possibility of negligi-
ble magnetic fields for ultra-hot planets and demonstrate that atmospheric magnetic
fields of ultra-hot Jupiters likely do not exceed field strengths of a few gauss.

4.1 From atmospheric to deep-seated dynamo magnetic fields

Our measurements are sensitive to the averaged dayside atmospheric field (especially
its radial component), which, for ultra-hot Jupiters, is a combination of the deep-seated
dynamo field and the induced field. Indeed, as shown in multiple MHD works, the high
magnetic Reynolds number regime of these objects means that the induced field can
dominate over the deep-seated dynamo field, and can even self-sustain without a deep
field [12, 35, 62]. However, our observations can shed light on the order of magnitude
of the deep-seated dynamo field. Indeed, if the deep-seated dynamo field were of the
order of hundreds of gauss, as proposed by [7, 8], the induced field would have to be
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fine-tuned to have the opposite sign and very similar magnitude of the background
field, in order to have a combined smaller field of a few gauss for all planets in the
studied population. As this scenario is exceedingly unlikely, we propose that the deep-
seated dynamo field of ultra-hot Jupiters cannot be larger than a few gauss. Our
estimate is in line with the recent theoretical estimates by [10], which show that the
Ohmic dissipation can shut down the convective motions in the outer convective zone,
reducing the strength of the dynamo field ”to or below Jupiter’s”.

4.2 Consequences for future observational programmes

Decades of large programmes to directly observe the magnetic field strength of exo-
planets have thus far only yielded tentative upper limits for potential magnetic fields
[26, 27], with the strong caveat that these upper limits assume emission in the line of
sight of the observer.

Similarly, modeling the polarimetry signature of helium as proposed in [63] results
in estimates of the order of 0.1 G [64, 65] to explain the observed atmospheric
escape. Considering the difference in altitude between our atmospheric magnetic field
strength measurements and their estimates related to the outflow of the exosphere,
the weaker field might be a simple result of the attenuation of magnetic fields by the
cubed radius distance relation and is likely compatible with our results. More recently,
[66] suggested that the velocity difference between neutral and ionised species could
be used to estimate exoplanetary magnetic fields. However, even a relatively strong
field of 10 G - three times the equatorial field of Jupiter - would produce an average
velocity difference of only ∼ 1 kms−1, implying a detection threshold comparable to
that of direct radio observations.

We show, from a homogeneous study of ultra-hot Jupiters, that wind speed
decreases strongly with planetary temperature, which provides observational evidence
for the presence of Ohmic drag. Our measurements are compatible with a near-Jovian
atmospheric magnetic field strength for these planets, ruling out the presence of mag-
netic fields of tens or hundreds of gauss. This is in agreement with recent theoretical
studies predicting Jovian-like magnetic fields based on an improved interpretation
of the scaling laws applicability to strongly irradiated planets. Our work has strong
implications for the observations of exoplanetary coherent radio emission, although
generated largely by the radial component of the Lorentz force to which we are less sen-
sitive. Nonetheless as previously discussed an order of magnitude difference between
the different directional components can be ruled out by the simply existence of day-
to-night flows [36]. Since the electron cyclotron frequency is ν = 2.8B [G] MHz,
potential signals from ultra-hot Jupiters would lie very close to the ∼ 10 MHz iono-
spheric cutoff, hampering detectability (e.g.,[23, 24]). Among other factors, our order
of magnitude estimate might, therefore, naturally explain the current lack of confirmed
radio observations despite decades-long campaigns.
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5 Methods

5.1 Data preparation

In Extended Data Figure 1 we show all considered targets as a function of their
equilibrium temperature which we have re-calculated for homogenity assuming zero
albedo instead of relying on reported values that include dayside measurements. The
overview of the data can be found in Extended Data Table 1. All masses stem from
the respective discovery papers and their RV analysis, except KELT-20 b and HAT-
P-70 b which stem from the transit observation scaling in [47]. We found no trend
in planetary mass and radius, highlighted by the similar value for the gravity in our
sample (see Extended Data Figure 1). Nonetheless, we report the values for the planets
with an iron signature in Supplementary Table 1. The rejected targets (mostly due
to a lack of iron signature) show that the window of observable iron signatures lies in
the equilibrium temperature window identified by [58] where the dissipation of kinetic
energy in the atmosphere is likely dominated by Ohmic dissipation (Teq > 1400 K).
We specify in the following which targets were deemed suitable for the survey and the
individual rejection reasons per targets and dataset.

5.1.1 Rejected planets from the survey

KELT-4 b, KELT-7 b, and MASCARA-4 b are orbiting pulsating host stars [72, 76, 77].
The proper extraction of atmospheric signatures for systems around pulsating host
stars is an ongoing investigation within the field and not suitable as of yet for a robust
population study. Three other planets in our sample did not show a detectable iron
signature. WASP-173 b is an extremely heavy target leading to a severely reduced
signal which can explain the non-detection, while KELT-11 b and WASP-172 b did
not show a significant enough iron feature to be included in the survey. KELT-17 is a
chemically peculiar Am star, making the recovery of any planetary signal extremely
challenging and - if achieved - prone to extreme stellar contamination [78]. We excluded
the observations of WASP-19 b entirely due to low S/N across all four nights and
encourage additional observations of this object. Similarly, we discarded the night of
18 Oct 2019 for WASP-76 b for the same reason. For WASP-121 b, we only used
the data taken in 4-UT mode, as its superior photon-collecting power dominates the
observed signal (see S/N for WASP-121 b in Extended Data Table 1). The constraint
of the resolved iron detections naturally downsizes to a sample to ultra-hot Jupiters
only, where iron is present in the atmosphere in atomic form [79, 80].

Two planets which are not included in our survey but technically classified as ultra-
hot Jupiters are WASP-33 b and KELT-9 b. For WASP-33 b, PEPSI data exist which
report a wind speed measurement [81], however, WASP-33 is a pulsating host star as
evidenced by the clear pulsation pattern of the host star in [82]. In the mentioned paper
the impact of the pulsating host star is reflected in the excessively large uncertainty,
makingWASP-33 b unsuitable for a robust population survey. KELT-9 b, as a northern
target, unfortunately only has transit observations available with HARPS-N [83] as
the large majority of KELT-9 b observations are in emission, unsuitable for our survey.
Additionally, with an equilibrium temperature of more than 1000 K above even the
hottest ultra-hot Jupiter in our survey [84], KELT-9 b represents a class of its own
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and should be treated as such. Higher order effects mentioned in the main paper
likely impact KELT-9 b which make any wind speeds measured for this planet non
representative of the derived trend.

5.1.2 Data cleaning steps

The ESPRESSO observations were reduced using the dedicated ESPRESSO pipeline
(ESPR v3.2.0) via esoreflex (v2.11.5), provided by ESO and the ESPRESSO
consortium. For our analysis, we used the non-blaze-corrected, two-dimensional order-
by-order spectra from fibre A (S2D) for cross-correlation, and the one-dimensional
flux-calibrated spectra from fibre A (S1D) for telluric correction.

The MAROON-X observations were reduced using the standard pipeline described
in [38], which extracts wavelength-calibrated, two-dimensional spectra order-by-order
from each exposure in the time series, separately for the blue and red arms. Due to
differences in exposure times, we treated the two arms independently. As the pipeline
does not output stitched one-dimensional spectra (analogous to ESPRESSO’s S1D),
we manually combined the orders to create a single spectrum for telluric correction.
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We corrected for telluric contamination in all datasets using the standalone version
of molecfit (v1.5.9; (author?) 85, 86). We fitted the telluric model to each exposure
individually, using spectral regions with strong telluric H2O and O2 absorption near
the sodium doublet at 590, and around 630, and 650 nm. The resulting models were
interpolated onto the corresponding wavelength grids and divided out.

For targets observed with both spectrographs, as is the case for WASP-76 b and
WASP-189 b, we also account for differences in template wavelength coverage during
stacking, following the method described in [87]. For example, the MAROON-X red
arm contributes less due to fewer iron lines present in this wavelength region. We check
for a potential impact from the use of two different spectrograph with WASP-76 b
which was observed on multiple occasions with both the ESPRESSO and MAROON-X
spectrograph. We find no impact from the choice of spectrograph.

5.1.3 Cross-correlation

We searched for atomic absorption by neutral iron using the cross-correlation technique
[88] as implemented in tayph [see e.g. 49, 87, 89, 90].

After pipeline reduction and telluric correction, we shifted the spectra to the stellar
rest frame, correcting for the barycentric velocity and the stellar reflex motion due to
the orbiting planet. The barycentric correction is only needed for MAROON-X obser-
vations, as the ESPRESSO pipeline provides barycentre-velocity-corrected spectra.
Following [49], we removed outliers via an order-by-order sigma-clipping algorithm,
using a running median absolute deviation over 40-pixel sections of the time series
and rejecting 5σ outliers. Additionally, we manually masked residual telluric contam-
ination where the flux dropped by 50% or more, primarily in the saturated O2 band
where molecfit corrections are inadequate. This affected on average 8.5% of the pix-
els for each of the observations, and at most 17.5%. We rejected individual exposures
on each night if they showed significant deviations in S/N compared to the rest, or if
the S/N was generally too low (approx S/N ≤ 20) – i.e., entering the red noise regime
instead of being limited by photon-noise.

Before cross-correlation, we corrected for the spectrograph response via a colour
correction: we divided each order by the mean out-of-transit spectrum to assess
wavelength-dependent differences, fit the residual with a third-order polynomial, and
divided this fit from the original order. Note that we do not divide out the mean out-
of-transit spectrum at this stage, but rather cross-correlate first and then divide the
mean out-of-transit cross-correlation function. In the limit of independent stellar and
planetary spectra, the order of these operations is interchangeable.

We then cross-correlated the corrected 2D spectra with a neutral iron template
from [48] at 3000 K, appropriate for the range of limb temperatures in our sample. The
templates assume an isothermal atmosphere in hydrostatic and chemical equilibrium
and were broadened to the approximate line-spread functions of the instruments: 2.14
and 3.53 km/s for ESPRESSO (1UT-mode HR) and MAROON-X, respectively. For
WASP-121 b, some of the observations were taken in ESPRESSO 4UT MR mode (see
Extended Data Table 1), and the templates were instead broadened to 4.28 km/s. For
the planets of the survey where iron was found we provide the Kp-Vsys diagrams in
Extended Data Figure 2.
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Extended Data Figure 2 Kp–vsys diagrams showing detected Fe I absorption in the sample. Each
panel displays the stacked Kp–vsys diagram after correcting individual observations for their system
velocities. The colour bars indicates the detection significance, calculated by dividing the diagram by
its standard deviation outside the velocity ranges affected by the star, planet, Rossiter–McLaughlin
effect, and tellurics.

5.1.4 Rossiter-McLaughlin fit

We corrected for the Rossiter-McLaughlin effect (Doppler shadow) using StarRotator
[see 74].

In summary, we assumed that the stellar line is well-approximated by a Gaussian
profile, implying that the stellar cross-correlation function also adopts a Gaussian
shape. We used a grid size of 25 pixels in StarRotator, resulting in a total of 50 ×
50 grid cells. For each cell, we computed a Gaussian cross-correlation function as

CCFi(v) = 1−A exp

(
− (vi + vsys − v)2

2σ2

)
, (1)

where vi is the velocity of cell i due to stellar rotation (assuming no differential rotation
in the vertical direction; see (author?) 74, 92), A is the Gaussian amplitude (ranging
from 0 for no absorption to 1 for saturation), and σ is the Gaussian width, determined
by the instrumental profile. We accounted for limb darkening using a quadratic law,
adopting coefficients from the large survey in [93]. If unavailable, we adopted limb-
darkening coefficients from [76, 94, 95].

5.1.5 Measuring the system velocity

The apparent system velocity (the movement of the barycenter of the observed system
with respect to the Solar System barycenter) varies slightly between spectrographs
due to the lack of absolute wavelength calibration. This results in a constant offset
in the wavelength solution, which we correct by independently measuring the system
velocity for each observation using the out-of-transit cross-correlation functions. This
also accounts for velocity offsets introduced by, for example, instrument interventions
as seen e.g. for ESPRESSO in [39].
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We determined the system velocity for each dataset by fitting a rotationally
broadened Voigt profile [96] to the average out-of-transit cross-correlation functions,
obtained by cross-correlating the processed spectra with a suitable PHOENIX model
of the host star [97]. We have opted for the more complex profile in comparison to
a Gaussian due to the better results for fast rotating stars with blended stellar lines
(vsini > 80 km/s). Prior to cross-correlation, the spectra were corrected for the stel-
lar reflex motion induced by the orbiting planet and for the barycentric velocity (if
not already handled by the reduction pipeline) and cleaned, see section 5.1.3. The fits
were performed using pymultinest [98]. The results, as well as literature values for
reference, are shown in Supplementary Table 2. The uncertainty of our results in the
table are solely the fitting error and do not take into account that the system velocity
cannot be estimated better than the ∼ 100 m/s level due to the photosphere of the
star itself.

Overall, we find good agreement between values measured with the same instru-
ment even over year-long timescales. Nonetheless, when velocity precision is key,
measuring the velocity in each night is necessary, see e.g. the 0.2 km/s difference for
the two ESPRESSO nights of WASP-76 b. More importantly, different instruments
will likely show different systemic velocities as they also include instrumental effects
such as drifts and shifts in the ”zero” radial velocity due to instrument interventions.
As a consequence, measuring the systemic velocity becomes crucial when combining
spectra from different spectrographs. Overall, the literature values and our derived
values between instruments and nights are within 1σ with notable exceptions: For
TOI-1518 b, we highlight that the reference value from [51] is the value as derived from
SOPHIE measurements in their Appendix A, in their Table 2 a higher value is given,
likely copied from [99] and a typo in the manuscript. TOI-1518, KELT-20, HAT-P-70,
WASP-189 all fall, to varying degrees of severity, in the category of fast-rotating host
stars which can lead to larger uncertainties. All uncertainties were derived from the
1σ envelope of the posterior distribution of the Bayesian retrieval. Most notably, the
only literature value we were able to find for HAT-P-70 b from [100] with the TRES
spectrograph at a 1m-class telescope is in disagreement with our observed value. Given
the overall agreement of our derived values with the order of magnitude of literature
values, we assume that this offset is due to the TRES spectrograph or a difference in
methodology. In [100] they opted for fitting stellar line profiles derived from a least-
squares deconvolution to the data which usually gives acceptable values for the RVs
of fast-rotating stars. Given the goal of this study, to derive trends from the popula-
tion of planets, this difference should have no impact on our results, since we correct
our dataset for the measured velocity and additionally use the same method for all
datasets. This means we would at most introduce an overall bias on the absolute veloc-
ity value but not change the population trend. Given the excellent agreement between
literature values and our measurements, we can likely rule out such a potential bias.
Nonetheless, to assure that the observed trend does not hinge on an over-confidence
in the system velocity measurement we do not use the fit uncertainty to propagate
uncertainties to our final velocity measurement, but instead use the variance between
the literature values and our observed values as the maximum possible uncertainty
(excluding the TrES spectrograph due to the mentioned discrepancies).
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5.1.6 Measured offset in velocity

The offset relative to the measured system velocity, which encodes the atmospheric
movement, is determined from the stacked Kp-Vsys diagrams. To generate these dia-
grams, we scan over a range of possible projected orbital velocities Kp = vorb sin i,
avoiding assumptions about the true orbital velocity or inclination and preventing
bias from their uncertainties. Additionally, the map is corrected for the system veloc-
ity as derived for each individual night prior to stacking in Kp-Vsys space based on
S/N per night of observation. This ensures that differences in the system velocity per
spectrograph or even per night due to interventions have been accounted for.

Given the rapidly growing number of line-of-sight Doppler shift velocity mea-
surements reported in recent years, it is crucial to keep two key considerations in
mind when placing our results in context with the existing literature. First, abso-
lute velocity values are highly sensitive to the details of data post-processing and
analysis—most notably to the choice of spectral template and to how the systemic
velocity is derived from the data (see Methods 5.1.5 and the discussion in [101] on
differences between their work and the literature on KELT-20 b, caused by the same
issue). Second, planetary atmospheres are three-dimensional. The vertical stratifica-
tion of their flow patterns inherently limits the comparability of wind speeds and
directions when different species trace distinct atmospheric layers. Consequently, inter-
species comparisons—for example, between Doppler shifts measured for iron, sodium,
or helium—should be interpreted with caution, as these species probe markedly dif-
ferent regions of the atmosphere (see e.g. Figure 1 in [43]). This three-dimensionality
is equally important in the data selection, as partial transits favour viewing geome-
tries of one hemisphere over the other, arriving at distorted mean velocity values due
to the non-symmetric impact of planetary rotation. One such example is the partial
transit analysed in [102] for TOI-1518 b where seemingly their result is in tension
with the velocities derived in [51] and our work if the viewing geometry of the partial
transit is not accounted for. Overall, the strength of our study is the combination of
a careful selection of high-quality datasets and the homogeneous data reduction and
interpretation process, leading to Doppler-shift values that are comparable between
planets.

5.2 Ohmic dissipation model

By applying the formalism from (author?) [58], we assume the atmosphere is a heat
engine with work output rate W = ηQ, where η is the engine’s thermodynamic effi-
ciency and Q = σT 4

eq is the heating rate. With Teq as the equilibrium temperature of
the planet and σ as the Stefan-Boltzmann constant, it is simply the absorbed stellar
flux. We further assume that, in equilibrium, all work goes into dissipating the atmo-
sphere’s large-scale kinetic energy. This leads us to the following relation for the wind
velocity in the modelled atmosphere (equation 11 in [58] where further details on the
derivation can be found):

vel = k0

(
τdragησT

4
eq

g

p

)1/2

(2)
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where Teq is the equilibrium temperature of the planet, g is gravity, and p is
pressure. k0 is a scale factor, set to 0.25 based on comparison with a recent grid of
global circulation models (see Methods 5.2). τdrag is the drag timescale that depends
on the exact physical mechanism dissipating the energy and finally, η is the efficiency
of the atmospheric heat engine. For an ideal heat engine, we can place an upper bound
on η. For example, if parcels of air are heated and cooled at constant pressure, and
the day-to-night temperature contrast is large, the resulting thermodynamic cycle is
called an Ericsson cycle, with efficiency:

η =
2R/cp

1 + 2R/cp
≈ 0.36 (3)

where R is the gas constant and cp is the heat capacity. In practice, η is less
than the value for an ideal heat engine. This is because atmospheres are not perfectly
efficient. However, any difference between the real value of η and our calculation would
reflect as a constant value across the population and is absorbed into k0. As shown in
Methods Section 5.2, the heat engine model is an excellent match to complex, non-
grey, global circulation models. Deviations between the wind speeds predicted by the
heat engine formalism and the GCM outputs are of the order of ≈ 0.2 km/s at most.
Although this points towards a variation of heat engine efficiency with temperature,
it is orders of magnitude too small to explain the change in velocity that we observe
in our sample.

The drag timescale used in equation 2 encompasses all the dissipation physics.
It can be seen roughly as the time for a parcel of gas to lose all its velocity if all
other forces were suddenly removed. Large timescales therefore mean weak dissipa-
tion, whereas small timescales mean strong dissipation. The timescales necessary to
explain the measured wind speed decrease by more than one order of magnitude with
temperature across our sample, going from ≈ 7 h at 2200 K to less than 15 min for
our hottest target (see Extended Data Figure 5).

Among all the possible mechanisms that can dissipate the winds on hot exoplanets,
Ohmic dissipation is the only known one that is expected to have such a strong scaling
with temperature due to the strong dependence of electron density with temperature
in the Saha equation. In such a case, the drag timescale can be calculated following
[5, 103, 104] and taking into account [105]:

τdrag =
4πHeρ

B2
(4)

where B is the atmospheric magnetic field strength,He is the atmospheric magnetic
diffusivity, and ρ is the gas density (inversely proportional to temperature at a given
pressure level). The magnetic diffusivity is described as

He = 230
√
Teq/xe[cm

2/s] (5)

in Equation 2 from [106], following [107], with xe as the unitless ionisation fraction
for which we use chemical equilibrium tables from [108] with the underlying chemical
network from [109]. As shown in Extended Data Figure 3, the electron density increases
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Extended Data Figure 3 Order of magnitude change in relative electron abundance over the
selected temperature range. The relative abundance of the alkali metals as a function of temperature
at the mbar pressure level provided by [108] is overplotted with the relative electron abundance
(dashed). The underlying atmospheric chemistry is described in [109].

by an order of magnitude between 2200 and 2500 K. This hinges on the use of the
correct temperature, for which we use the equilibrium temperature.

5.2.1 Model assumptions

[58] relies on various assumptions to create their models of which the most important
is their treatment of hot Jupiters, compared to the ultra-hot Jupiters in our study.
While they state that their work also holds for hotter planets, we will highlight some
differences. Most importantly, the application of the Saha equation in [58] relies on the
assumption that the main contribution to the electron abundance in the atmosphere
stems from potassium. However, at the mbar pressure level and for temperatures above
∼ 2000 K, potassium is fully ionised and the contribution of the partial ionisation of
sodium becomes dominant, as well as the first and second valence electron removal
from Fe. At these pressure levels, the electric conductivity can, as a consequence, reach
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Extended Data Figure 4 Recreation of the calculation of k0, in line with Figure 4, panel b from
[58]. The y-axis corresponds to the line of sight velocity at the terminator at the mbar pressure
level in the GCM, in line with what is probed observationally. The x-axis is the calculated velocity
from Equation 2 with the applied scaling. The black, dashed line indicates 1:1 equality between the
GCM simulation and the scaled model. The colours highlight the applied τ time scales for different
temperatures, namely 1400, 1800, and 2200 K.

values up to ∼ 1Sm−1 [103, 110, 111]. We have opted to update the literature approach
to assume potassium as the main source of free electrons with the simplified Saha
equation from [112] as applied in e.g. [5, 58]. Instead, we employ the pre-calculated
relative abundance tables from the full Saha equation calculation as provided by [108]
for an atmosphere containing all alkali metals, as well as C2H2, C2H4, C2H6, CH4,
CO, CO2, CrH, Fe, FeH, H2, H3+, H2O, H2S, HCN, LiCl, LiF, LiH, MgH, N2, NH3,
OCS, PH3, SiO, TiO, and VO. Their pre-computed grid provides steps of half orders of
magnitude in pressure and 100 K in temperature, sufficient for our purposes. The top
panel of Extended Data Figure 3 shows the overall relative abundance of the alkalis
and electrons as a function of temperature at the mbar pressure level, the bottom
panel highlights the Na dominant contribution compared to K for ultra-hot Jupiters
above 2000 K.

While the application of the Saha equation fundamentally impacts the form of the
model via the ionsation fraction as a function of temperature, the scaling factor k0 in
Equation 2 governs the vertical anchoring of the models and thus the absolute magnetic
field value since U ∼ k0/B. k0 is an important scale factor, as it encodes various
model assumptions, most importantly the application of an isothermal temperature
profile in the atmosphere, as well as any simplifications regarding the efficiency of
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the heat engine. k0 was set in [58] by scaling the values derived from Equation 2 for
different values of τ to the output of GCM simulations, see e.g. [113]. Simply put,
they anchor the calculation of the velocity of the atmosphere from the heat engine
theory to GCM outputs calculated from first principle before introducing magnetic
drag as the governing force of the drag timescale. This allows to reset the assumptions
going into the heat engine calculation and give absolute values of the magnetic field
strength tied to the level of realism of the applied GCM. In consequence, the choice
of GCM for the applied scaling is crucial. [58] opted for the MITgcm [114] which
solves the atmospheric fluid dynamics equations with a double-gray radiative transfer
approach as applied in [113]. Given the rapid evolution of the field and additional
assumptions on the heat engine efficiency from the treatment of ultra-hot Jupiters
vs hot Jupiters in [58], we have decided to re-calculate k0 by scaling to the non-grey
SPARC/MITgcm GCM [115] as applied in [116], where the MITgcm is coupled to
the plane-parallel radiative transfer code of [117]. [116] provides their pre-calculated
grid of GCMs for a variety of temperatures and time scales, which we have used here
for convenience. Most importantly, their GCMs include TiO/VO chemistry, although
they show that including this important chemical aspect of ultra-hot atmospheres has
a negligible impact on the equatorial, zonal wind speeds. The resulting scaling factor
is k0 = 0.25, of the same order of magnitude as the scaling factor in [58], highlighting
the negligible impact of our additional assumptions. For future applications by the
modelling community, we provide here the corresponding magnetic drag timescale
from the observed wind speeds in Extended Data Figure 5.

Equally, [116] discusses the impact of any change in surface gravity on the equato-
rial zonal wind speed and finds no meaningful difference (see Extended Data Figure
1 for an overview of our targets in equilibrium temperature vs gravity space). How-
ever, they identify a dependence of the equatorial zonal wind speed on the rotation
period of the planet. We found no correlation between the measured wind speed and
the planetary periods. This is likely due to the short range of periods our data covers,
making them an excellent sample to study effects without the additional dependency
on the period. Equally, we found no trend with planet mass or radius.

5.2.2 Uncertainty estimate on the absolute atmospheric magnetic
field strength

[58] assesses the impact of the temperature-pressure profile on the absolute value of
their models and finds a relatively small effect which they attribute to the inverse effect
of pressure and temperature on the magnetic drag timescale. However, the pressure
scale has a profound impact on the absolute value of the Ohmic dissipation mod-
els due to the pressure dependency of the ionisation in the magnetic diffusivity He.
The dependency of the velocity in Equation 2 on 1/p pressure is offset by the linear
dependency of the density on pressure in the ideal gas law.

In order to estimate the range of pressures that are probed by the observa-
tions, we developed a new technique to determine the contribution function of the
cross-correlation function. Using the radiative transfer code petitRadTrans [118], we
calculate a first reference spectra, and then spectra where the opacity in each atmo-
spheric layer is set to zero. Both spectra are then cross-correlated with the same
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Extended Data Figure 5 Calculated values of the drag timescale with models assuming Ohmic
drag. The uncertainty is the propagated uncertainty of the measured velocity in Figure 2.

template used to cross-correlate the observations. The contribution function is the
normalised ratio of the maxima of the two cross-correlation functions. The resulting
contribution function, shown in Extended Data Figure 6 shows that our observations
probe from 1 to 100 mbar with a maximum at 30 mbar. In order to obtain the mean ion-
isation necessary to estimate the magnetic field, we weigh the precomputed ionisation
fractions from [108] discussed in the previous section by the normalised contribution of
each pressure layer, accounting for all pressure levels that contribute more than 10%.
The current approach to contribution functions for cross-correlation is unfortunately
flawed, as a simple setting of the opacity to zero creates a non-physical continuum
contribution from aliasing. Likely, the true probing regions of the lines sit higher in
the atmosphere [see e.g. 41, under the caveat that the line wings are not accounted
for here, meaning this is an upper limit]. Given that we do not see iron depletion in
our observations for any of the targets, we cannot be higher than at most two orders
of magnitude in pressure, which is when iron ionisation becomes dominant. In order
to provide the most conservative estimates, we re-calculated the magnetic field assum-
ing that the contribution functions is inaccurate by one or two orders of magnitude in
pressure. The impact of this difference can be seen in Figure 3, where a two order of
magnitude difference in pressure would bias us to lower magnetic fields by roughly 1 G.
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Extended Data Figure 6 The normalised contribution function. It was derived from
petitRadTrans used for weighting of the different pressure layers with contributions above 10%.
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While this gives us an accurate profile of the ionisation fraction of the probed
atmosphere in the line of sight, it hinges on the metallicity, as an order of magnitude
difference in metallicity has the same impact as an order of magnitude shift in pressure.
[47] has shown that ultra-hot Jupiters have stellar metallicity, most importantly for
iron, our atmospheric probe. The stellar metallicity of ultra-hot Jupiter host stars is
known and diverges from the overall exoplanet host star population, peaking at 0.100±
0.012 dex (or roughly 1.25x solar) [61]. Any deviation below the order-of-magnitude
level has a negligible impact on the derived magnetic field strength.

More important than the metallicity is the applied temperature as the magnetic
diffusivity directly depends on

√
T as well as indirectly via the ionisation fraction.

The work performed by the drag force in the heat engine model is proportional to the
integral over 1/τ from the sub- to anti-stellar point (from the day to the night side).
While we assume τ to be constant with temperature, it is unclear to which tempera-
ture the averaged τ corresponds to and if the limb, and the equilibrium temperature,
is a good approximation of the work performed to create the drag. To better con-
strain which temperature is an accurate reflection of reality, we have parametrised the
temperature profile of WASP-121 b from sub- to anti-stellar point following the GCM
models from [119], which to first order follows a sinusoidal in longitude. Calculating τ
as a function of longitude and comparing the normalised integrated value of τ shows
that the main contribution to the work performed by the drag force is at approxi-
mately 75 degrees, slightly offset from the limb at 90 degrees. For WASP-121 b this
offset leads to an underestimation of the temperature by at most 200 K. This offset is
the maximum systematic bias across the dataset and would lead to higher ionisation
levels with subsequently lower magnetic field strengths (see Figure 3).

Lastly, in transmission spectroscopy when observing iron, we are sensitive to the
line of sight velocity component of the day-to-night side wind, which, due to the nature
of the horizontal wind direction, is largely aligned with the absolute wind speed but
will always be an under-estimation. We assessed the difference between the observed
velocity compared to the absolute velocity from the GCM models published in [116]
and find that for drag timescales below 105 s the difference between the line of sight
velocity and the real wind speed is at most 30% (see the impact on the atmospheric
magnetic field strength in Figure 3). All of the mentioned effects that could impact
our estimation of the strength of the atmospheric magnetic field would reduce its
real strength and we have provided the impact of all cumulated effects with the dark
crosses under each calculated atmospheric magnetic field strength in Figure 3. We
find that, conservatively opting for the maximum offset from our assumptions, the
maximal atmospheric magnetic field strength will be at most reduced to the order of
magnitude of half a gauss and thus remains comparable to the Jovian field and overall
Solar System planets.
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Figure Legends/Captions (for main text figures). Caption Figure 1: A clear
trend of decreasing wind speeds with equilibrium temperature. We show day-to-night
line of sight wind speeds for the available population of ultra-hot Jupiters as measured
from iron with a clear decrease in wind velocity as a function of equilibrium temper-
ature. The uncertainty of the equilibrium temperature is the error propagation of the
effective temperature of the star and the stellar radius to semi-major axis ratio in
the calculation of the planet’s equilibrium temperature. The uncertainty on the wind
speed is the fit uncertainty of the observed cross-correlation peak, taking into account
the photon noise of the data, as well as the propagated uncertainty of the system
velocity measurement.

Caption Figure 2: Ohmic drag models reproduce the observed trend of decreasing
velocities. We show the measured velocities as data points with the Ohmic drag models
for ultra-hot Jupiters colour coded at different atmospheric magnetic field strengths.
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For comparison the classical models only invoking shear instabilities (dashed) or shocks
(sound speed, dashed dotted) to dissipate kinetic energy are shown. The data points
and uncertainties are taken from Figure 1.

Caption Figure 3: Ultra-hot Jupiters have maximum atmospheric magnetic field
strength compatible with Jovian values. We show the derived maximum atmospheric
magnetic field strength as a function of equilibrium temperature with the values
derived with uncertainties through error propagation from the data in Figure 1.
Additionally, we provide the main impacts that could create deviations on the abso-
lute atmospheric magnetic field strength, notably order of magnitude deviations in
pressure, the maximum deviation from the equilibrium temperature, and an underes-
timation of the absolute wind speed velocity from the line of sight measurement. The
cumulative impact of all these effects is marked with a dark cross. These are order-
of-magnitude estimates of the average atmospheric field in the equatorial regions,
including both the deep-seated dynamo field and the field induced by the atmospheric
flow.
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Planet Date Inst.a PI, # S/Nb Teq [K] Ref.

KELT-11 b* 2024-03-31 MX Parmentier, GN-2024A-Q-130 22.2-302.5 1712
2024-04-19 MX Parmentier, GN-2024A-Q-130 22.2-297.6

WASP-172 b* 2022-06-01 E Albrecht, 109.22Z4.006 14.3-63.3 1740 [67]

KELT-4 A b* 2023-12-07 MX Parmentier, GN-2023B-Q-127 28.0-82.7 1827
2023-12-10 MX Parmentier, GN-2023B-Q-127 26.4-77.6
2023-12-16 MX Parmentier, GN-2023B-Q-127 24.7-76.3
2023-12-31 MX Parmentier, GN-2023B-Q-127 -

WASP-173A b* 2022-07-24 E Albrecht, 109.22Z4.003 12.4-54.9 1880

KELT-7 b* 2023-12-28 MX Parmentier, GN-2023B-Q-127 22.2-158.1 2048

WASP-19 b* 2019-01-14 E Sedaghati, 0102.C-0311 13.2-60.7 2077 [68]
2019-03-03 E Sedaghati, 0102.C-0311 11.8-56.1 [68]
2019-03-22 E Sedaghati, 0102.C-0311 13.0-66.3 [68]
2020-01-11 E Sedaghati, 0102.C-0311 6.8-48.9 [68]

KELT-17 b* 2020-12-25 E Seidel, 0106.C-0126 22.7.107.2 2087
2021-01-31 E Seidel, 0106.C-0126 32.0-134.9
2021-03-06 E Seidel, 0106.C-0126 25.5-111.4

WASP-76 b 2018-09-02 E Pepe, 1102.C-0744 13.1-83.7 2229 [39]
2018-10-30 E Pepe, 1102.C-0744 10.5-67.5 [39]
2019-10-18 E Gibson, 0104.C-0642 29-55 [69]
2020-09-03 MX Pelletier, GN-2020B-Q-122 20.0-68.4 [70]
2020-09-12 MX Pelletier, GN-2020B-Q-122 17.6-63.1 [70]
2021-10-28 MX Debras, GN-2021B-Q-138 29.4-99.0 [70]

KELT-20 b 2023-07-07 MX Parmentier, GN-2023A-Q-224 71.3-190.6 2263

WASP-121 b 2021-01-26 E Gibson, 0106.C-0516 27-37 2358 [71]
2021-03-04 E Gibson, 0106.C-0516 21-36 [71]
2019-01-06 E Pepe, 1102.C-0744 21-36 [46]
2018-11-30 E-4UT 60.A-9128 (Comm.) 23.1-163.3 [46]
2023-09-23 E-4UT Seidel, 111.24J8 26.6-174.5 [43]

MASCARA-4 b* 2020-02-12 E Wyttenbach, 0104.C-0605 300 44.9-201.7 2405 [72]
2020-02-29 E Wyttenbach, 0104.C-0605 46.3-207.6 [72]

WASP-178 b 2021-05-03 E Pepe, 1104.C-0350 11.3-48.6 2398 [73]
2021-07-09 E Pepe, 1104.C-0350 9.3-37.7 [73]

TOI-1518 b 2022-08-13 MX Parmentier, GN-2022B-Q-128 23.4-64.9 2491 [51]
2023-10-19 MX Parmentier, GN-2023B-Q-127 27.4-80.2 [51]
2024-06-26 MX Parmentier, GN-2024A-Q-130 24.0-65.1 [51]

HAT-P-70 b 2023-12-13 MX Parmentier, GN-2022B-Q-128 22.2-64.8 2559
Pelletier, GN-2022B-Q-127

2023-12-24 MX Parmentier, GN-2022B-Q-128 22.2-72.5
Pelletier, GN-2022B-Q-127

WASP-189 b 2021-06-04 E Prinoth, 107.22QF 107.7-432.6 2638 [74]
2022-04-03 MX Pelletier, GN-2022A-FT-208 84.1-231.6 [75]
2022-06-02 MX Pelletier, GN-2022A-FT-208 84.7-233.5 [75]

Extended Data Table 1 Overview of the observations. Stars mark rejected datasets. (a) used
instruments - E: ESPRESSO, MX: MAROON-X (b) Minimum and maximum SNR value.

52


	Introduction
	Transit spectroscopy observations
	Interpretation of the observed velocity trend
	Evidence for Ohmic dissipation
	Estimation of the atmospheric magnetic field strength

	Discussion and Conclusion
	From atmospheric to deep-seated dynamo magnetic fields
	Consequences for future observational programmes

	Methods
	Data preparation
	Rejected planets from the survey
	Data cleaning steps
	Cross-correlation
	Rossiter-McLaughlin fit
	Measuring the system velocity
	Measured offset in velocity

	Ohmic dissipation model
	Model assumptions
	Uncertainty estimate on the absolute atmospheric magnetic field strength
	Figure Legends/Captions (for main text figures)




