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ABSTRACT

Absorption spectroscopy toward high-redshift quasars provides strong constraints on the putative variation of funda-
mental constants of physics on cosmological time scales. (The submillimeter ground-state transitions of methylidyne
(CH) and water (H20), both molecules widespread and (coeval in the interstellar medium, provide a sensitive test
for variations of «, the fine structure constant, and u, the proton-to-electron mass ratio, taking advantage of the un-
matched spectral resolution and frequency reliability of radio techniques. We used ALMA simultaneous observations of
the two species to constrain any velocity offset between their absorption profiles toward the radio-bright lensed quasars
PKS1830—211 (zaps = 0.88582) and B 02184357 (zaps = 0.68466). Our observational setup minimizes instrumental
errors and known sources of systematics, such as time variability of the absorption profile and frequency-dependent
morphology of the background quasar. The excellent correlation between CH and H2O opacities, the large number
of individual narrow velocity components, and the number of independent spectra obtained due to the intrinsic time
variability of the absorption profiles ensure that even the chemical segregation bias is minimized. We obtained bulk
velocity shifts sv = —0.048 £ 0.028 kms™* and —0.13 4 0.14 kms™" (lo confidence level) between CH and H2O in
the direction of PKS 1830—211(NE) and B 0218+-357(SW), respectively. These values convert into the 30 upper limits
|[Aa/a| < 0.55 ppm and 1.5 ppm, respectively, taking into account the independent upper limits on |Ap/u| previ-
ously obtained for these systems. These constraints on |Aa/al, at look-back times of about half the present age of the
Universe, are two to four times deeper than previous constraints on any other single high-z system.

Key words. quasars: absorption lines - quasars: individual: PKS 1830—211, B 0218+357 - galaxies: radio lines - cosmo-

logical parameters

1. Introduction

Whether new physics exists beyond the Standard Model
of Particle Physics and General Relativity remains one of
the most compelling questions in modern science. Einstein’s
Equivalence principle, which states that the result of any
non-gravitational experiment is independent of when and
where it is performed, has been confronted for a century to
deep investigations, involving atomic clocks, spontaneous
fission in the Oklo natural reactor, and, lately, astronom-
ical observations. So far, only hints of a possible violation
of the Equivalence principle have been reported, essentially
based on measurements of the fundamental fine-structure
constant « in remote quasars (e.g., the reviews by Martins
2017; Uzan 2025), although they are now most likely ex-

* In memoriam

plained by systematic errors (e.g., Rahmani et al. 2013;
Whitmore & Murphy 2015).

The Equivalence Principle was challenged in the 1930’s
by Dirac (1937), who postulated that dimensionless ratios
of universal fundamental constants, such as the proton-to-
electron mass ratio 4 = mp/me. = 1836.152673426(32)
and the electromagnetic fine-structure constant o =
e? /dmeghe = 7.2973525643(11) x 1072 ~ 1/137 (2022
CODATA recommended values ', Mohr et al. 2025), are
not plain numbers, but have profound significance and may
vary through space-time. The question gained special atten-
tion after the discovery, in 1998, that the expansion of the
Universe is accelerating since at least 6 Gyr (Riess et al.,
1998). This acceleration, which is expected to be sparked

! https://physics.nist.gov/cuu/Constants/index.html
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by an enigmatic dark energy (Frieman et al., 2008), re-
newed interest in post-Einsteinian gravitational models in-
volving extra dimension(s) to those of space-time. From
there, a quintessence or phantom dynamical scalar field
would couple with the charged matter and induce time
and/or space variations of the electromagnetic interaction
between charged particles, hence variations of c. Accurate
measurements of the a value in remote galaxies allow us to
test this hypothesis (e.g., Savedoff 1956; Bahcall & Schmidt
1967; Drinkwater et al. 1998). From a theoretical point of
view, variations of y and « are established to be correlated
in models of Grand Unification, although the correlation co-
efficient is highly model dependent (e.g., Calmet & Fritzsch
2006, Uzan 2025, and references therein). Furthermore, it
has recently been proposed that varying constants (e.g.,
me(z), a(z)) could provide a potential path towards allevi-
ating the tension between Hubble constant values inferred
from cosmic microwave background (CMB) observations
and those derived from SNela and Cepheid data in the
context of the standard A-CDM cosmological model (e.g.,
Hart & Chluba 2020; Sekiguchi & Takahashi 2021; Lee et
al. 2023; Schoneberg & Vacher 2025).

In the last two decades, spectacular progress has been
achieved in telescope sensitivity, which opened access to
spectroscopic studies of very distant galaxies and quasars.
This made it possible to compare a and g in sources of
different redshifts, z, and in different directions. The value
of a can be derived by measuring the frequency of atomic
or molecular fine-structure transitions, and the value of u
through that of molecular rotational, inversion, and torsion-
rotational transitions, as long as at least two of these tran-
sitions have different sensitivity coefficients K, , to varia-
tions of o and p, respectively.

So far, most spectroscopic studies of high-redshift ob-
jects have relied on observations of optical lines of atomic
ions, detected in absorption toward distant quasars. They
concern some 300 absorption systems with redshifts rang-
ing from 0.1 to 6, i.e., with look-back times between 1 and
13 billion years, observed with the world’s largest optical
telescopes: Keck, VLT, and Subaru (for example, Webb et
al. 1999, 2001; Murphy et al. 2003; King et al. 2012; Evans
et al. 2014; Murphy & Cooksey 2017). The analyses of those
data yield rather discrepant conclusions regarding a (see,
e.g., the review by Martins 2017). Possible evidence of a
variation of a with space-time was reported (Webb et al.
1999; Murphy et al. 2001; Webb et al. 2011; King et al.
2012). The normalized difference between the values of «
measured in remote quasars and that measured in a ter-
restrial laboratory, Aa/a, is of the order of a few parts
per million, ppm. Furthermore, a 4-sigma dipole anisotropy
with Aa/a = 8 £ 2 ppm was obtained in favor of quasars
located near the direction R.A. ~ 17.5h,Dec. ~ —58°.
This anisotropy is based on a first analysis of 128 archival
absorption systems detected along the lines of sight to
68 quasars with the Keck/HIRES telescope (Murphy et
al., 2003), followed by a second analysis of 151 additional
systems detected toward 60 quasars within the redshift
range 0.5 < z < 3.5 with the VLT/UVES (Webb et al.,
2011; Wilczynska et al., 2015). Per contra, tighter limits to
any variation of a were subsequently reported from ded-
icated, more sensitive observations carried out with the
Subaru/HDS telescope (Aa/a = 3.0 £ 2.84a5 + 2.0gyst
ppm, Murphy & Cooksey 2017), VLT/UVES (Aa/a =
1.3 £ 2.4g44at + 1.05yst ppm, Molaro et al. 2013), VLT /X-

SHOOTER (up to z = 7.1, Wilczynska et al. 2020), and
VLT/ESPRESSO (Aa/a = 1.3 £ 1.35at + 0.4syst PP,
Murphy et al. 2022).

In any case and as pointed out by these and other works
(see, e.g., Murphy et al. 2003, 2022; Webb et al. 2011;
Whitmore & Murphy 2015; Wilczynska et al. 2015), ob-
servations at optical wavelengths are hampered by the low
sensitivity of UV atomic transitions to « variations and by
the limited spectral resolving power of most optical spec-
trometers. The latter also suffer from systemic errors: i)
echelle spectrometers are subject to physical distortions
that are difficult to calibrate; this particularly affects the
stacking of archival spectra, observed on different sources
with different telescopes, that are averaged together to de-
crease the instrumental noise (Evans et al., 2014); ii) jit-
ters of the quasar point-like images across the spectrometer
slit, due to unstable atmosphere or inaccurate compensa-
tion of the sky rotation, induce wavelength measurement
errors. Progress has recently been achieved through the in-
stallation of the new echelle spectrograph ESPRESSO on
the VLT, specially designed for high resolution (resolving
power R = 145,000) and high spectral fidelity, in particular
with the use of optical fibers, which removes environmen-
tal disturbances. So far, observations from only one remote
quasar (HE0515—4414, z,ps = 1.15) with this spectrograph
have been reported, yielding Aa/a = 1.3 £ L.4g¢ar + 0.4syst
ppm or |Aa/a| < 5.7 ppm as 30 upper limit (Murphy et al.,
2022). The same quasar holds the best constraint on any in-
dividual high-z system, obtained by combining three inde-
pendent measurements from three different spectrographs:
Aafo = —0.62 £ 0.50stat + 0.484ys or |Ac/a| < 2.7 ppm
(30) (Murphy et al., 2022).

It remains that the spectra of quasars at optical wave-
lengths are particularly rich in atomic lines from several
species, and that the absorption profiles of those lines can
be very broad. This leads to the blending of lines from dif-
ferent species with different K, sensitivities. The result-
ing spectra are then difficult to analyze, even with ad-
vanced methods such as the Many Multiplet fitting (Webb
et al., 1999). In addition, the different isotopes of atoms
have close, albeit not identical transition wavelengths, so
that their lines partly overlap. Their relative abundances
in high-z absorbers are not known, and hence are usually
set to their terrestrial value. This introduces unpredictable
errors on the transition wavelength measurements, there-
fore, on Aa/a (see, e.g., Webb et al. 2025).

An alternative for measurements of « in remote galax-
ies consists of observing atomic, or mainly, molecular fine-
structure lines at submillimeter wavelengths. This is now
possible thanks to the high sensitivity and high angular
and spectral resolution of current interferometers, such
as ALMA and NOEMA. The advantages of submillime-
ter wave observations are multiple. On the technical side,
the atmospheric dispersion effects are less critical at those
wavelengths. The incoming sky signal, picked up by a horn,
then channeled through waveguides to a digital spectrom-
eter that is frequency-locked to an atomic clock, is more
dependable and can be analyzed with a much higher fre-
quency resolution than in any optical spectrometer (e.g.,
as high as R ~ 10® versus ~ 10*~® for UVES and for
ESPRESSO, the latest such instrument). On the target
side, the submillimeter domain gives us access to molec-
ular fine-structure and rotation lines. Molecular absorbers
typically have narrower absorption profiles than the opti-
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cal ones and show much less jammed spectra. In particular,
the millimeter /submillimeter transitions of the different iso-
topologues of a given molecular species are well separated
in frequency and their lines do not overlap.

In the present study, we focus on the two outstanding
molecular absorbers at intermediate redshifts z,,s = 0.89
and zaps = 0.68, which intercept the lines of sight to the
radio-bright quasars PKS1830—211 and B0218+357, re-
spectively. Both absorbers have already been subject to
extended spectral studies at millimeter and submillimeter
wavelengths and are known to be rich in molecular species
(see, e.g., Wiklind & Combes 1995, 1996, 1998; Muller et
al. 2006, 2011, 2014a; Wallstrom et al. 2016). In particu-
lar, the same constraint has been claimed for these two ab-
sorbers: |Au/p| < 3.6 x10~7 (at 30 confidence level ), using
methanol lines toward PKS 1830—211 on one hand (Muller
et al. 2021, see also Bagdonaite et al. 2013a,b; Kanekar et
al. 2015), and using inversion lines of ammonia with respect
to rotational lines of other species toward B 0218+357 on
the other hand (Murphy et al., 2008; Kanekar, 2011) 2.
Interestingly, each quasar also lies near (< 40°) one of the
two poles of the « dipole anisotropy tentatively detected
at 40 by Webb et al. (2011) in their analysis of the Keck
and VLT data, making a good test of the dipole in the
intermediate redshift range.

2. Methylidyne and variations of « and p

Methylidyne, CH, the very first molecule detected in the in-
terstellar medium (Swings & Rosenfeld, 1937) 3, is known
to be, with water, among the best proxies of molecular hy-
drogen (Gérin et al., 2016). An open-shell radical, it has
been extensively studied in the spectroscopic laboratory
(see, e.g., Brown & Evenson 1983; Truppe et al. 2014).

For CH, as for all diatomic molecules with an odd num-
ber of electrons, the interaction of molecular rotation with
electronic motions leads to a partial uncoupling of the elec-
tron spin S and the orbital angular momentum L from
the internuclear axis. Spin-uncoupling splits the CH 2II
ground state into two substates *IT; j» and *II3/ separated
in energy by A, the spin-coupling constant. These sub-
states correspond to the allowed orientations of the spin
with respect to the angular momentum. L-uncoupling from
the axis further splits the otherwise doubly degenerated
rotational levels of each substate into two closely spaced
sublevels denoted + and — according to their parity (A-
doubling). Finally, the magnetic moment of the hydrogen
nucleus further splits each of those sublevels into two hyper-
fine components labeled F = 1,0 for J =1/2 and F = 1,2
for J = 3/2 (see, e.g.,Truppe et al. 2014 and Fig. 1).

The rotational constant B of light-weight molecules is
large. By chance, for CH, its value (B = 425.5 GHz) is
close to half the value of A (A = 834.8 GHz), the sepa-
ration between the spin substates. This has two beneficial
consequences for us. Firstly, the *IT; j, and Il rotational

2 We note, however, that these upper limits were simply built
as three times the final uncertainty of the measurement x + o,.
Instead, taking the upper limits as |z|+30,, we obtain |Ap/p| <
0.54 ppm toward PKS 1830—211 and |Ap/pu| < 0.71 ppm toward
B 0218+357, respectively.

3 While the 1937 detection of CH was done with the blue
lines (A2A-X2II), the first radio detections of CH were done by
Rydbeck et al. (1973) and Turner & Zuckerman (1974).
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Fig. 1. Diagram of the lowest rotational energy levels of CH. The
A-doublet and hyperfine levels are not to scale. The rest-frame
frequencies of CH transitions observed by ALMA are indicated
in red, in GHz, and their relative line strengths are given in
parenthesis.

level manifolds overlap in energy so that mixed transitions
from one manifold to the other are allowed. In particular,
transitions between the lowest rotational level of the 2II; /2
substate (N =1, J = 1/2) and that of the ?II3/5 substate
(N =1, J =3/2) are not only allowed, but have relatively
large transition strengths (see Fig. 1 and Table 1). Secondly,
their rest frequencies (~ 532.7 and 536.8 GHz) are close to
that of the 179 — 1p1 ground rotational line of ortho-H,O
(~ 556.9 GHz). All these three line sets can be observed
almost continuously from z ~ 0.1 to ~ 7 within ALMA
bands 2 to 8, and even simultaneously in favorable cases,
at z = 0.68 and 0.89 for example.

Pure rotational and mixed transitions have quite differ-
ent sensitivities to variations of a and p. The former are
sensitive to u, while the latter are essentially sensitive to «,
so that their combination provides a good test of the varia-
tions of these two constants. The sensitivity coefficients K,
and K, of the CH mixed transitions mentioned above have
been calculated by de Nijs et al. (2012) (see Table 1). They
find K, = 1.59,1.57 and K, = —0.20, —0.22 for the + — —
(~ 533 GHz) and — — + (~ 537 GHz) transitions, respec-
tively. The sensitivity differences between those CH lines
and a pure rotational line, such as the 19 — 1p; ground-
state transition of ortho-H»O, with K, =0 and K, = —1,
are then AK, = 1.6 and AK,, = 0.8. Any variations A«
and Ay would therefore introduce a velocity shift dv be-
tween the spectra of CH and HO:

0 A A
Zo16x =2 +08x =L (1)
c « I

In particular, the sensitivity AK, is more than one order
of magnitude higher than that governing the UV lines of
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metal ions (see, e.g., Fig.3 by Murphy et al. 2022) which
until now constitute the bulk of previous high-redshift con-
straints on Aa/a. Equation 1 shows that the variations of
a and p cannot be disentangled. However, since very low
upper limits to the variation of u (|Ap/p| < few 10~7) have
already been independently derived for our molecular ab-
sorbers (see the end of Sec. 1), the observation of CH and
H>O lines provides an exceptionally sensitive test of the
variations of a.

We note that the J = 1/2% —1/27 (3.3 GHz, rest) and
J = 3/2% — 3/27 (0.7 GHz, rest) A-doublets have been
previously used (in conjunction with OH 1.6 GHz lines) to
constrain local variations of p and « in sources of the Milky
Way by Truppe et al. (2013) 4. However, those radio lines
typically have optical depths several orders of magnitude
lower than those of the submillimeter ones at 533-537 GHz
in the interstellar medium.

3. Observations
3.1. PKS1830—211

The spectra of CH and HyO were observed simultaneously
with ALMA at several epochs between 2012 and 2016. One
visit was made on 11 April 2012 during ALMA Cycle 0
Early Science, two visits were made in 2014 (5 May and 17
July), and a monitoring consisting of multiple visits spread
over six months and with an irregular cadence between 6-
21 days was performed in 2016. Those data have previously
been presented by Muller et al. (2014a, 2023). We refer to
these publications for the complete descriptions of the data
reduction and summarize here only the relevant information
for this work.

The number of 12m antennas in the array was 16 for
2012 Cycle 0 observations, between 31 and 33 in 2014,
and between 36 and 45 during the 2016 monitoring. The
on-source integration time per visit was 50 min in 2012,
~ 30 min in 2014, and 7.5 min/visit during the 2016 cam-
paign. The resulting synthesized beam was < 0.5” for all
observations, allowing us to well resolve the two lensed im-
ages of the quasar, separated by ~ 1” (e.g., Subrahmanyan
et al. 1990; Frye et al. 1997; Muller et al. 2020). The amount
of precipitable water vapor was typically between 0.6 and
2 mm. The correlator was set up with separate spectral
windows to cover the CH and H>O lines, redshifted in the
frequency range of ALMA Band 7 receivers (Mahieu et al.,
2012), with a velocity resolution of 1.0 kms™! (2012 data)
and 0.6 kms~! (2014-2016 data). Data reduction was per-
formed in CASAS with a standard calibration procedure.
The visibilities of PKS1830—211 were self-calibrated and
the spectra were extracted from visibility fitting using the
Python tool UVMultiFit (Marti-Vidal et al. 2014), taking a
model consisting of two point sources with free amplitudes
and relative positions fixed at the known locations of the
two lensed images of the quasar (hereafter NE and SW im-
ages). The final spectra (Fig.2, left, and middle columns)
were normalized to the continuum level of each image.

On 5 May 2014, a separate tuning including the ground-
state transition of the H®O isotopologue was observed for

* They find Aa/a = (0.3+1.1) x 1077 and Ap/p = (—0.7+
2.2) x 1077, assuming that there is either a change in a or p,
but not in both.

® http://casa.nrao.edu/

~ 36 min on-source, providing a clear detection toward
PKS1830—211(SW) (Fig.2, top-middle box).

3.2. B0218+357

Both CH and H>O were observed simultaneously with
ALMA on 11 October 2016 with the Band 7 receivers.
The synthesized beam was ~ 0.1”, smaller than the separa-
tion of 0.33" between the two lensed images of the quasar
(O’Dea et al., 1992; Patnaik et al., 1993). The correlator
was setup with spectral windows of 0.938 GHz width and a
velocity resolution of 0.5 kms~!. The calibration of the data
and the extraction of the spectra with UVMultiFit followed
the same procedure as described for PKS1830—211. The
spectra toward B0218+357 (Fig.2, right column) are no-
ticeably noisier than those toward PKS 1830—211, due to its
lower flux density, its lower elevation from the ALMA site
(~ 30° maximum elevation, whereas PKS1830—211 tran-
sits near zenith), and the limited integration time (~ 15 min
on-source, with 44 antennas in the array and a low amount
of precipitable water vapor of ~ 0.5 mm during the obser-
vations).

4. Analysis and results
4.1. Description of spectra

Both absorption systems, PKS 1830—211 and B 0218+357,
share very similar properties, with the background quasar
lensed by the foreground absorber in two main bright and
compact images.

In the case of PKS 1830—211, both lines of sight present
molecular absorption (Wiklind & Combes, 1998; Muller et
al., 2006, 2014a). For PKS1830—211(NE), the absorption
profile is composed of a series of narrow (a few kms™!
wide) and optically thin (7 < 0.1 for HyO) features be-
tween v ~ —250 and —100 kms~—! (Fig.2, left column),
well adapted for the comparison of CH and HsO profiles.
For PKS1830—211(SW) (Fig. 2, middle column), there is
a main absorption feature at v = 0 kms™!, with a width
of 1020 kms~! for optically thin lines (e.g., CH, H2O).
However, this central component becomes saturated and
flat bottomed over a range of ~ 20 kms~! for the very op-
tically thick line of HoO. This region is therefore not useful
for our purpose of comparing the kinematics of CH and
HyO directly. On the other hand, the broad wings (cov-
ering up to ~ 150 kms~!) seen on the HoO absorption
quickly disappear below the noise level for CH. Therefore,
it is difficult to make a tight comparison of the CH and HyO
profile for the main feature of PKS1830—211(SW), unless
the optically thin H33O isotopologue is used in complement
(as was done for the 2014/05/05 data). While several other
weak velocity components were identified (Muller et al.,
2011, 2014a), we highlight the presence of the narrow (a few
kms~! wide) and isolated feature near v = +170 kms™!,
which can then be used to constrain the kinematics of CH
versus HoO, although with a limited signal-to-noise ratio.
Interestingly, the quasar activity, with intrinsic changes in
its morphology effectively amplified by the lens geometry,
introduces a time variability of the absorption profile with a
time scale of a few days to months (Muller & Guélin, 2008;
Schulz et al., 2015; Muller et al., 2023), which, in practice,
is equivalent to multiplying the effective number of lines of
sight from different absorber systems.
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Table 1. Spectroscopic parameters of the CH and H2O transitions considered here and their sensitivity coefficients to variations
of p and a.

Species Line Rest Freq. (@) Sky Freq. ® 5, ©@ g @ K, © K, ©
(kHz) (GHz) (K)

CH =1/2-3/2, J=1/2-3/2 F=1-1 532,721,588.6 (0.6) 282.488 0.17 0.2 —-0.20 +1.59
CH  @=1/2-3/2, J=1/2-3/2 F=1-2 532,723,889.3 (0.6) 282.489 083 02 —020 +1.59
CH =1/2-3/2, J=1/2-3/2 F=0-1 532,793,274.6 (0.6) 282.526 0.33 0.2 —-0.20 +1.59
CH 0=1/2-3/2, J=1/2-3/2 F=1-2  536,761,046.3 (0.6) 284.630 0.83 0.0 —-0.22  +1.57
CH  =1/2-3/2, J=1/2-3/2 F=1-1 536,781,856.3 (0.6) 284.641 017 00  —022 +157
CH 0=1/2-3/2, J=1/2-3/2 F=0-1 536,795,569.5 (0.6) 284.648 0.33 0.0 —-0.22  +1.57
H20O J,Ka,Kc=110-101 (ortho) 556,935,987.7 (0.3) 295.328 4.5 0.0 -1 0
H320 J Ko, Kc=110-101 (ortho) 547,676,470 (15) 290.418 4.5 0.0 -1 0

Notes. (a) For CH, frequencies are taken from Truppe et al. (2014). For H>O, the frequency is taken from Cazzoli et al. (2009).
The hyperfine structure of the ortho-H2O 110-1¢1 line spreads over less than a few tens of ms™' and is thus negligible in our
work. For H320, the frequency is taken from Golubiatnikov et al. (2006). (b) Sky frequencies are calculated for z=0.88582. (c) Line
strength. (d) Energy of the lower level. (e) The sensitivity coefficients K, and K, for CH are taken from de Nijs et al. (2012).

PKS1830-211 (NE) PKS1830—211 (SW) B0218+357 (SW)
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Fig. 2. Spectra of CH and H2O lines toward PKS1830—211 NE and SW images (left, middle, respectively), and toward
B0218+357(SW) (right) observed by ALMA at different epochs. The spectra are colored by dates, as indicated in the top-left and
top-right boxes. The hyperfine structure of each CH A-doublet is indicated at the bottom of spectra. The spectrum of the H33O
isotopologue, taken on 2014/05/05, is also shown for PKS1830—211(SW) (top-middle box, in light blue). A zoom on the weak
v ~ 4170 kms™* velocity component is shown for PKS 1830—211(SW), with the 2016 averaged spectra (in purple) instead of that
taken on 2016,/03/05.

In the case of B0218+357, only the line of sight to ful of velocity components within < 30 kms~! (Fig. 2, right
the southwestern lensed image shows molecular absorption column). The HoO absorption does not reach saturation,
(Menten & Reid, 1996; Muller et al., 2007). The absorption  while the peak opacity of CH appears to be intermediate
profile resembles that of PKS 1830—211(SW), with a hand- between those of PKS1830—211 NE and SW profiles.
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Fig. 3. Overlay of the opacity profiles of CH (average of the two
A-doublets, deconvolved from their respective hyperfine struc-
ture) and H2O (scaled by the opacity ratio 7-), on top of
their common fit profile (see Sec.4.2) for PKS1830—211(NE)
(top, 2012 data), the isolated velocity component near v ~
+170 kms™! toward PKS1830—211(SW) (middle, average of
the 2016 data), and B 0218+357(SW) (bottom). Note the span
of two orders of magnitude between the optical depths of these
features.

In the following, we present our analysis method and
results for each line of sight, as well as tests on synthetic
spectra.

4.2. Fitting of a common multi-Gaussian profile

We assume that the spectra of both CH and H2O can be
described by a common opacity profile G, (v), composed of

the sum of individual Gaussian components. The normal-
ized absorption spectra are then:

Iabs(v) =1-fcx (1 - e_GT(U))a (2)

where f. is the continuum covering factor (0 < f. < 1).
During the fit, the profile G (v) was normalized to a fiducial
CH hyperfine component of intensity 1 (hereafter, CH*),
and convolved to the hyperfine structure of CH, with the
relative intensities of hyperfine components following their
statistical weights (see Table 1 and discussion in Sec. 5.1.1).
For H»O, the opacity profile G,(v) was scaled by a fac-
tor v, = 7(H20)/7(CH*). Lastly, we introduced a relative
bulk velocity offset v (that is, given to each individual ve-
locity component of the opacity profile G;) between the
two species. Therefore, the fitting procedure included the
following parameters: centroid velocity, linewidth, and peak
opacity for each Gaussian component, plus the covering fac-
tor, if not fixed, the global scaling ratio ~,, and the bulk
velocity offset dv.

For the fit, we used the Python scipy.curve_fit least-
squares routine. The uncertainties were derived as the
square root of the diagonal elements of the covariance ma-
trix multiplied by the reduced x2. The number of Gaussian
velocity components was adjusted by successive trials, un-
til the residuals became free from features above the noise
level and the reduced x? close to unity. We ended up fix-
ing the number of Gaussians to 17 for the line of sight
toward PKS1830—211(NE), 11 for PKS1830—211(SW), 3
for the v = +170 kms™! isolated velocity component to-
ward PKS 1830—211(SW), and 5 for B 0218+357(SW). The
same fitting setups were used for our tests with synthetic
spectra (see §4.6).

The best-fit results for dv and ~, are given in Table 2
together with the x? values for the three lines of sight.
All reduced x? are close to unity, suggesting that the CH
and HsO spectra are reasonably well represented by our
assumption of a common opacity profile. To illustrate this,
we have overlaid the latter on top of the opacity profiles of
CH and H>O for several absorption features in Fig.3. For
CH, we have deconvolved each CH A-doublet from its hy-
perfine structure following the iterative CLEAN algorithm
(Hogbom, 1974), with the relative intensities of the hyper-
fine components fixed to their statistical equilibrium values.
The two profiles were normalized to an equivalent single
hyperfine component of intensity 1 and averaged together.
The opacity profile of H,O was scaled by the corresponding
ratio v,. The fit profiles are clearly driven by the higher
signal-to-noise ratio of the HoO line but are remarkably
consistent with the CH profile, within uncertainties.

4.3. Results for the PKS 1830—211(NE) sightline

Since all velocity offset measurements have been made from
different datasets, taken at different epochs and with clear
time variations of the absorption profile (Muller et al.,
2023), we consider them statistically independent. Taking
their weighted average for all individual epochs, we ob-
tain a value dv = —0.048 + 0.028 kms~'. For the opac-
ity scaling ratio between HoO and CH, we obtain an av-
erage v = 4.00 £ 0.02, which is consistent with the value
that we would expect taking the relative abundances of CH
and H2O observed along the Milky Way’s diffuse sightlines
(Sheffer et al. 2008; Flagey et al. 2013, see also the dis-
cussion by Muller et al. 2023 on the correlation of CH and
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Table 2. Bulk velocity offsets (dv) and opacity scaling ra-
tios (vr) between CH and H2O spectra toward PKS 1830—211
and B 02184357 from fitting a common opacity profile to both
species (including H3*O when specified).

Date dv Yr X2
(kms™!)
PKS 1830—211(NE)
2012/04/11 004013 397 £005 119
2014/05/05 —0.21 £ 0.08 4.474+0.06 1.22
2014/07/19 0.03 4 0.06 4.494+0.06 1.88
2016/03/05 —0.30£0.11 3.95+0.06 1.46
2016/03/26 0.65£0.14 3.83£0.06 1.52
2016/04/03 0.07 £ 0.15 3.93+0.07 1.21
2016/04/10 0.08 £ 0.11 3.89+£0.06 1.15
2016/04/16 —-0.32+0.14 3.77£0.07 1.13
2016/04/23 —0.02+£0.16 3.84+0.07 1.18
2016/05,/02 0.25+0.19 3.61 £0.07 1.07
2016,/05,/08 0314014  4.00£0.09 1.19
2016/05/17 0.08 £ 0.15 4.04+£0.08 1.08
2016/06/15 —0.40 £ 0.14 4.01 +£0.08 1.16
2016/06,/22 —-0.224+0.19 4.06 £0.10 1.05
2016,/07/01 0244015 4144009 1.06
2016/07/14 —0.68 £0.17 3.87+£0.11 1.12
2016/07/28 0.01 £0.15 3.91£0.07 1.12
2016/09/08 —0.03£0.20 4.05+0.13 0.96
Weighted average: —0.048 +0.028 4.00 £+ 0.02

PKS 1830—211(SW) v ~ 0 kms™?, including H3*O

2014/05/05 0.041 +£0.070 8.33+0.08 1.40
PKS 1830—211(SW) v = +170 kms ™"
2014/05/05 0.12£+0.39 83+1.1 1.08
2014/07/19 ~031+0.17  86+04 1.21
2016 (averaged) 0.13£0.21 7.4+0.3 1.10
Weighted average: —0.11 +0.13 7.9+0.2
B0218+357(SW)
2016/10/11 —-0.13+0.14 3.01£0.10 1.07

H>O opacities, where they estimate v, ranging between ~ 3
and ~ 9). A fixed covering factor f. = 1 was assumed for
this line of sight, since the lines have low apparent optical
depths and the profile does not appear to be saturated. In
fact, Muller et al. (2017) found a covering factor f. > 0.8
for this line of sight. Changing the value of f. to 0.8 in our
fits yielded similar velocity offsets and scaling ratios within
uncertainties. As long as the lines are optically thin, we
expect a degeneracy between f. and the opacities of the
individual velocity components, thus absorbed in the fit.
Our method of fitting a common profile may introduce
some systematics if the absorption profiles of CH and HO
are not strictly identical, i.e. if the scaling ratios v, change
between individual velocity components. However, we argue
that both the number of independent velocity components
in the profile and the number of epochs (here the time vari-
ability of the absorption profile between different epochs
helps us to improve the statistics) tend to minimize any
systematic effect between CH and H,O. This is confirmed
by testing the effect of varying the opacity ratio ., for each
velocity component on synthetic spectra, see Sec. 4.6 below.

4.4. Results for PKS 1830—211(SW)

For the epoch when we have H30 observed within the
same day as CH and HsO, we obtain a bulk velocity
offset v = 0.041 & 0.070 kms~! between CH and the

water isotopologues, consistent with no kinematics differ-
ence. Regarding its uncertainty, this measurement is at
the level of the best value of a single visit obtained to-
ward PKS1830—211(NE), which suggests that the very
high signal-to-noise ratio of the SW spectra just compen-
sates for the larger number and narrowness of the velocity
components in the NE line of sight. The opacity ratio be-
tween HoO and CH is v, = 8.33 & 0.08, and we find an
isotopologue abundance ratio H}0 /Hi®O = 67 +2, consis-
tent with previous measurements (Muller et al., 2023). The
covering factor is well determined by the saturated part of
the water line and was kept as a free parameter of the fit,
resulting in f. = 0.944 + 0.002.

In addition, we obtain three more measurements us-
ing the isolated v = 170 kms~! component alone, al-
though with somewhat large uncertainties. All spectra ob-
tained during the 2016 monitoring were averaged together
before fit, in order to improve the signal-to-noise ratio.
Combining these three measurements, we obtain a value
dv = —0.11 £ 0.13 kms~!. The opacity ratio 7, is sim-
ilar between this component and the main feature near
v = 0 kms™', and a factor two higher than that ob-
tained for PKS1830—211(NE), which may reflect a differ-
ent physico-chemical environment between the two lines of
sight, as previously suggested by Muller et al. (2023).

Combining the results from the v = 0 and v =
170 kms~! features, we obtain dv = 0.005 £+ 0.061 kms~1!.

4.5. Results for B0218+357(SW)

The single-epoch measurement of the velocity offset be-
tween CH and H50, Jv = —0.13+£0.14 km s~ 1, is consistent
with zero and its uncertainty is comparable to that of indi-
vidual measurements toward PKS 1830—211(NE). Because
the signal-to-noise ratio of the spectra is limited, and with
the lack of additional constraints on the covering factor f.,
we have explored the effect of varying f. between 0.8 and
1.0, by fixing its value during the fit. There was no sig-
nificant impact on dv within uncertainties. On the other
hand, the opacity scaling ratio depends on f., with val-
ues of v, increasing from 3.01 £ 0.10, for f. = 1.0, to
3.57 £ 0.15, for f. = 0.8. This is explained because the
absorption has a higher optical depth than in the case of
PKS1830—211(NE). The values of the scaling ratios are
again consistent with the range of values observed in dif-
fuse sightlines in the Milky Way. They are closer to those
obtained in the NE line of sight of PKS1830—211 than
those in its SW line of sight, adding to previous evidence
collected by Wallstrom et al. (2016, 2019) that the absorb-
ing material in B 0218+4357(SW) have properties close to
PKS 1830—211(NE).

4.6. Test on synthetic spectra

In order to test the robustness of our fitting procedure,
we have run Monte Carlo simulations on synthetic spectra.
The initial opacity profile was composed of 13 Gaussian
components for PKS 1830—211(NE), and 5 components for
PKS1830—211(SW), with properties similar to those of the
real spectra observed in 2016. A fixed bulk velocity offset
dv=1 kms~! and scaling ratios v,=4.0 and 8.0 were set
between the two species, for the NE and SW sightlines, re-
spectively. The covering factor f. was set to 1.0 and 0.95 for
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the NE and SW spectra, respectively. For each Monte Carlo
run, we added a Gaussian channel noise of rms ¢ = 0.5%,
similar to the noise of our observed spectra (Muller et al.,
2023). We further let the amplitude of each Gaussian veloc-
ity component of the HoO profile vary by the factor 14 f ()
where f(A) is a random number taken from a Gaussian
probability distribution of dispersion A. This allows us to
test the effect of a possible varying opacity ratio between
CH and H5O. The fitting procedure was then strictly identi-
cal to the treatment of real observational data, as described
in §4.2. All this process was iterated several hundred times
to extract the statistical values shown in Table 3.

These simulations suggest that the bulk velocity offset
can be recovered with typical uncertainties similar to the
real observations (Table 2) even in the case of variation
of up to 20-30% for PKS1830—211(NE). In contrast, the
fit quality of PKS1830—211(SW) spectra depends much
more critically on the amount of amplitude variations (i.e.,
the spread in the correlation between CH and H,0). For
them, the fit uncertainties of Jv jump to values higher than
0.3 kms™!, as soon as 10% variations are introduced. This
is due to both the smaller number of velocity components
(5 versus 13 for PKS 1830—211(NE)) and to the saturation
of HoO, where the fitting loses constraints on the bulk ve-
locity offset for HoO saturated velocity components. The
covering factor f., set as a free parameter for the fit of
PKS 1830—211(SW) spectra, was always recovered with un-
certainties lower than a few per mil.

In either case, we note that the uncertainties of the
scaling ratio v, grow faster than those of the velocity off-
set when the amplitude variations per individual velocity
components increase. The relatively small dispersion of the
average v; from our real PKS1830—211(NE) spectra in
Table 2 is then a good indication that the method of fitting
a common opacity profile is robust, at least for this line of
sight.

Table 3. Fit results of Monte Carlo simulations of CH and
H>0O synthetic spectra with random amplitude variations gov-
erned by the dispersion A\. We set a fixed bulk velocity off-
set dv = 1.0 kms™! and the scaling ratios v, = 4.0, for
PKS1830—211(NE) and ~, = 8.0, for PKS 1830—211(SW).

A {0v) (yr) %)

PKS 1830—211(NE)

0.0 1.00£0.09 4.00%£0.05 1.01F0.06

0.1 1.01+£0.10 4.00£0.17 1.02+0.05

0.2 1.00£0.12 4.0840.36 1.100.09

0.3 1.02+0.17 4134048 1.17+0.14

05 1.02+054 4.30+£0.73 1.43+0.31
PKS 1830—211(SW)

00 101E£004 B8.02%X004 1.37=045

0.1 0984030 7.98+0.50 1.45+0.47

02 1.03+055 8.03+1.08 1.72+0.71

0.3 1.06+£0.80 810150 2.20+1.32

Notes. A represents the dispersion of amplitude variation intro-
duced on each velocity component of the H2O spectra, see §4.6.

5. Discussion

We can convert the final weighted average measurement
v = —0.048 + 0.028 kms~! between CH and H»O toward

PKS1830—211(NE) into constraints on the variations of u
and « using Eq. 1. All the upper limits below are built as
|z| +30,. If we assume that there are no variations of u, we
obtain |[A«a/a| < 0.28 ppm. If we now assume that there are
no variations of a, we get |Ap/p| < 0.55 ppm. This last con-
straint is similar to that obtained by Muller et al. (2021),
|Ap/u| < 0.54 ppm, using methanol lines along the line of
sight to PKS1830—211(SW). Combining this independent
constraint on Ap/p from methanol and our new constraint
from CH-HO lines, we derive |Aa/a| < 0.55 ppm, which
is the tightest cosmological constraint on Aa/a so far, a
factor four deeper than for any other single high-z system
(see, e.g., Murphy et al. 2022 and a compilation by Uzan
2025).

Toward B0218+357(SW), we take our measurement
dv = —0.13 £ 0.14 kms~! and the independent constraint
|[Ap/u| < 7.1 ppm from Kanekar (2011) and obtain the
final constraint |Aa/a| < 1.5 ppm.

Our measurements provide a radio alternative to op-
tical studies to test the apparent o dipole anisotropy de-
scribed in the introduction. The direction to PKS 1830—211
is ® ~ 39° away from the pole in the southern hemi-
sphere (R.A. ~ 17.5 h; Dec. ~ —58°), and the direction
to B0218+4-357 is © ~ 38° away from the opposite pole.
With a dipole of Aa/a described as Dcos(0), we find
that the difference in variation Aa/a between the direc-
tions to PKS1830—211 and B 02184357 would then be
~ 1.6 X D (i.e., ~ 13 ppm). Taking the bulk velocity off-
sets between CH and H20 toward PKS 1830—211(NE) and
B0218+357(SW) and the corresponding independent up-
per limits of Ap/pu, as mentioned above, we derive an upper
limit of 1.6 ppm (at 3¢) for the difference in Aa/a between
our two absorbers. Our measurements, although at different
redshifts and based on only two sources, would then rule
out an amplitude D 2> 1 ppm (30) for the dipole, in contra-
diction with the past value measured from atomic absorbers
(e.g., Webb et al. 2011). Thereby, our radio measurements
add up to the subsequent optical studies examining various
systematics to rule out the a dipole anisotropy model.

5.1. Robustness of our constraints

The stringency and robustness of our constraints on Ao/«
are ensured by the combination of several factors, includ-
ing the spectroscopic properties of CH and HoO lines,
the properties of the absorber systems PKS1830—211 and
B 0218+357, and our observational setup. We discuss these
factors in the following subsections.

5.1.1. Spectroscopy

As already highlighted, the CH J=3/2-1/2 and H30 1;0-101
transitions are particularly sensitive to variations of o and
u, with a difference in the sensitivity coefficients AK, =
1.6 and AK,, = 0.8 between them. All lines are close in
frequency and can be observed simultaneously with ALMA
at z = 0.89 and 0.68 within the same tuning (although with
the current system, Hi*O must be observed with a different
tuning).

The rest frequencies of the submillimeter transitions of
CH and H3O have been determined with high precision
(Table 1 and, e.g., Truppe et al. 2014 for CH, and Cazzoli
et al. 2009; Altman et al. 2025, for H,O), with uncertainties
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lower than 1kHz, i.e. < 1 ms™! when converted to veloc-
ity. This is two to three orders of magnitude lower than the
widths of the velocity components and than the fit uncer-
tainties of the velocity offsets dv, and therefore negligible
in our final error budget.

Moreover, and unlike for atomic lines, the molecular iso-
topologues (e.g., 3CH, H3%0, H37O, see Muller et al. 2023
for their detection) are well separated in frequency. This
removes the problem of possible variance of the elemental
isotopic ratios from their terrestrial values, encountered in
the fitting of optical absorbers when isotopes are blended
(e.g., Webb et al. 2025).

Lastly, we have considered above that the relative
strengths of the components of the CH hyperfine struc-
ture follow their statistical weights, given in Table 1. To
test this assumption, we have fitted the spectra again with
the same procedure as explained in Sec.4.2, but without
the bulk velocity offset between CH and H2O and with the
relative strengths of the hyperfine components of CH set
as free parameters. Given the limits of the signal-to-noise
ratio of the spectra and the number of velocity compo-
nents, this fitting exercise could only be performed against
PKS1830—211(SW) in order to avoid large degeneracies be-
tween the placement and amplitude of the velocity compo-
nents and relative strengths of the hyperfine components.
Again, we used the spectra observed on May 5, 2014 to-
gether with Hi80 to guide the fit around the saturated
part of the HyO absorption. We have fixed the strength of
the strongest hyperfine component of the 533 GHz transi-
tions to 0.83, and found the following results for the others,
with the expected statistical weights given in parentheses:
0.3740.02 (vs 0.33) and 0.1540.04 (vs 0.17) for the 533 GHz
transitions, and 0.86 £ 0.04 (vs 0.83), 0.374+0.02 (vs 0.33),
and 0.15 £ 0.01 (vs 0.17) for the 537 GHz transitions, in
order of decreasing strengths, respectively 6. Within uncer-
tainties, these results are consistent with the values of the
statistical weights, and therefore, the initial assumption is
validated, at least for this data set. In turn, this is also
a good indication that the fitted velocity structure is not
very different from the true one, and whatever deviations
exist, it is not causing large discrepancies in the derived
statistical weights.

More generally, we have explored with RADEX (van der
Tak et al., 2007) the excitation of submillimeter lines of
CH under standard interstellar conditions, using hyperfine-
resolved collision data from Dagdigian (2018). In contrast
to the radio wavelength transitions at ~ 3 GHz which are
known for their anomalous excitation (see, e.g., Jacob et
al. 2024 and references therein), we find that the excita-
tion temperatures of the submillimeter transitions remain
well coupled to the temperature of the cosmic microwave
background (e.g., within a few tenths of K from Tcyp for a
kinetic temperature of 50 K and an Hs volume density up
to 10* cm™3).

5.1.2. Properties of the absorbers

The physical and chemical conditions of the absorbing gas
in the PKS1830—211(SW) line of sight have been inves-
tigated in detail (e.g., Henkel et al. 2009; Muller et al.
2011, 2013, 2014a, 2016, 2017; Schulz et al. 2015) and are

6 The fit also provided f. = 0.946 +0.002, and -y, = 8.6 £ 0.4,
with x? = 1.4

found to be comparable to those of translucent clouds in
the Milky Way. For the PKS1830—211(NE) line of sight,
the conditions are not as well known, mainly because the
molecular absorption there is weaker — column densities are
typically one order of magnitude lower than those along
PKS1830—211(SW). However, the properties of the NE
absorption are clearly reminiscent of a diffuse component,
as evidenced by 1) the prominence of the HI absorption
spectrum in the NE line of sight (Koopmans & de Bruyn
2005; Combes et al. 2021), 2) the enhancement of molec-
ular tracers of low H-fraction gas, such as ArH™ (Miiller
et al., 2015), OHT and HoO (Muller et al., 2016), HoC1*+
(Muller et al., 2014b), and CHT (Muller et al., 2017), and
3) the conditions traced by hydrogen radio recombination
lines (Emig et al., 2023). The conditions in the absorber
toward B 0218+357(SW) are believed to be intermediate
between those in the NE and SW lines of sight toward
PKS1830—211, dominated by a diffuse medium (Henkel et
al., 2005; Wallstrom et al., 2016, 2019).

For a given telescope, the sensitivity of absorption spec-
troscopy depends on the brightness of the background con-
tinuum illumination and the opacity of the foreground ma-
terial. Both the absorption systems PKS1830—211 and
B 0218+357 present very favorable properties. The quasars
are bright at submillimeter wavelengths (~ 0.1 — 1 Jy)
and the absorbers have relatively high column densities of
absorbing gas (N(Hz) ~ 1021722 cm~2). In fact, the col-
umn density of water in PKS1830—211(SW) is so large
that the 557-GHz line becomes highly saturated, forc-
ing us to use the H3®O isotopologue to sample the satu-
rated region. On the other hand, the PKS1830—211(NE)
and B0218+357(SW) sightlines are not saturated, but
they still present relatively strong lines. In particular, the
PKS1830—211(NE) sightline is very favorable for three rea-
sons. First, its absorption profile is made up of multiple
(> 10), narrow (a few kms~! wide), and relatively well
separated velocity components, which is highly favorable
for velocity offset measurements. For B 0218+357(SW), the
absorption profile is more compact, spread over a smaller
velocity range, and composed of only a handful of velocity
components, partially overlapping. The number of velocity
components in these lines of sight is thus sufficiently large
to put strong constraints, but still not too large to severely
affect the fitting procedure with fit ambiguities and conver-
gence issues (see, e.g., Murphy et al. 2022). Secondly, the
width of the absorption components is also very favorable
for obtaining a high precision (< kms~!) when comparing
line kinematics. Third, the time variability of the absorp-
tion profile toward PKS 1830—211(NE) allows us to multi-
ply the number of independent measurements with multi-
epoch observations. This improves statistics and reduces
potential systematic effects when fitting CH and H2O with
the same profile.

5.1.3. Observational setup

The heterodyne technique provides high frequency resolu-
tion (6v/v ~ 107° in our case) and the instrumental radio
frequency bandpass is calibrated with high precision. Since
the respective absorption features along the NE and SW
lines of sight to PKS1830—211 do not overlap in velocity,
we can also compare both spectra and check that there is
no contamination by atmospheric lines or any bandpass ar-
tifacts.
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The CH and H5O lines are observed simultaneously
within the same frequency tuning, with the same atmo-
spheric conditions, the same correlator setup, and the same
velocity resolution. Data calibration was performed in par-
allel with the same procedure. Any instrumental effects are
therefore minimized.

Most importantly, the observation of the CH and HoO
lines, simultaneous and close in frequency within the same
tuning, removes the two most severe sources of known sys-
tematics toward PKS1830—211 (which may also apply to
some extent to B 0218+-357): the time variability of the ab-
sorption profile, which hampers the comparison of spectra
taken at different epochs (Muller & Guélin, 2008; Schulz et
al., 2015; Muller et al., 2023), and the frequency-dependent
morphology of the background quasar, which can affect the
comparison of absorption lines taken at different frequen-
cies (e.g., Marti-Vidal et al. 2013; Kanekar et al. 2015).

5.1.4. Co-spatiality of CH and H;0

Herschel observations of the same submillimeter lines of CH
and H2O in absorption in diffuse sightlines of the Milky
Way find that both species are closely correlated and arise
from the same gas component (Qin et al. 2010; Gérin et al.
2010; Flagey et al. 2013). The lines connect to the ground-
state energy level and have similar subthermal excitation
for both species, mostly coupled with photons from the cos-
mic microwave background (Tovp = 4.60 K at z = 0.68
and Tomp = 5.14 K at z = 0.89, respectively) at relatively
low Hy volume density of a few 10% cm ™3 or less.

The excellent correlation between CH and HO opac-
ities was highlighted by Muller et al. (2023) in both
PKS1830—211 SW and NE sightlines. Although we can-
not formally prove that line kinematics do not suffer from
chemical differentiation within individual velocity compo-
nents and that the two species are co-spatial, the overall ex-
cellent correlation between CH and H2O, holding in both
absorbers and even in spite of time variations of the ab-
sorption profile resulting from morphological changes in the
background quasar, gives strong evidence that both species
are tracing the same gas component.

6. Conclusions

We have used ALMA observations of CH and HyO submil-
limeter lines in the molecular absorbers toward the quasars
PKS 1830—211 (zaps = 0.89) and B 02184357 (zaps = 0.68),
respectively, to test the invariance of the fine structure con-
stant, o, and the proton-to-electron mass ratio, u, at look-
back times of nearly half the present age of the Universe
with respect to their values, here and today on Earth. Our
observational setup minimizes known specific systematics of
radio absorbers, such as the time variations of the absorp-
tion line profile and the frequency-dependent morphology
of the background quasars, as well as instrumental and cal-
ibration errors. Based on the average bulk velocity offsets
between the CH and HyO absorption profiles and the inde-
pendent upper limits on Au/p previously obtained in these
systems, we derive |[Aa/al < 0.55 ppm and 1.5 ppm in the
direction of PKS1830—211 and B 0218+357, respectively,
at 3o confidence level. To the best of our knowledge, these
are the most stringent constraints on cosmological varia-
tions of «, so far.
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This work highlights the strength of distant radio molec-
ular absorbers for testing the invariance of fundamen-
tal constants and, at the same time, the uniqueness of
PKS1830—211 and B 02184357, as we are not aware of any
other sources capable of providing such deep constraints us-
ing a similar setup.
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