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A B S T R A C T 

We present the detection and v alidation of a small, temper ate tr ansiting e x oplanet orbiting T OI-1080 every 

3.9652482 

+0 . 0000014 
−0 . 0000015 d. The host is a quiet M4V star at 25.6 pc. The planet signal was first det ect ed by the Transiting Exoplanet 

Surv ey Sat ellit e ( TESS) and validat ed using TESS and gr ound-based observations. B y fit ting the av ailable light curves, the 
planet radius is measured to be 1.200 ± 0.058 R ⊕ and its equilibrium temperature of 368 

+12 
−10 . K. With Near Infra Red 

Planet Searcher (NIRPS) radial v elocities, w e are able to place a 3 σ upper limit on the mass of TOI-1080 b of 10.7 M ⊕. Our 
injection-recov ery t ests enable us t o discard additional transiting planets in the TOI-1080 system with radii down to 0.9 

R ⊕ and periods between 0.5 and 7.7 d, and planets with radii larger than 1.4 R ⊕ for periods up to 19 d. We demonstrate 
that it is highly amenable to characterization of its mass and putative atmosphere. In particular, we find that TOI-1080 b 

is an e x ceptional targ et for the ong oing JWS T + HS T Rocky Worlds DDT programme, having a priority score that is higher 
than four out of nine targets currently being inv estigat ed by the pr ogramme. T OI-1080 b can be added to the sample of 
nearby benchmark planets accessible for detailed study with JWST . 

Key w ords: t echniques: spectroscopic – t echniques: phot ometric – exoplanets – stars: individual: TOI-1080 – stars: low- 
mass – planetary systems. 
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 INTRODUCTION  

f the currently known over 6225 exoplanets (J. Schneider et al. 
011 , updated on 2026-02-05), ∼75 per cent have been detected 

ia the transit method, but of those, only ∼9 per cent are transit-
ng stars cooler than 4000 K. But because M dwarfs are the most
umerous stars in the solar neighbourhood (T. J. Henry & W.- 
. Jao 2024 ; J . D . Kirkpatrick et al. 2024 ), they could potentially
arbour most of the terrestrial planets in the Galaxy (e.g. F. C.
dams, P. Bodenheimer & G. Laughlin 2005 ; C. D. Dressing & D.
harbonneau 2015 ; R. Burn et al. 2021 ; L. Mignon et al. 2025 ). At
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rst order, given that the transit depth is defined by the relative
ize between the stellar and planet radius (e.g. S. Seager & G.

allén-Ornelas 2003 ), terrestrial planets ( R pl � 1.6 R ⊕; e.g. L.
. Rogers 2015 ; R. Cloutier & K. Menou 2020 ; H. Parviainen,
. Luque & E. Palle 2024 ) are more easily det ect ed and stud-

ed around these smaller stars. As such, the rocky planets most
eadily available for characterization now are those orbiting M- 
warf hosts. One of the stated science goals of the TESS mission

s to identify planets with radius < 2.5 R ⊕ around stars in the
olar neighbourhood in orbits with periods of up to 10 d (G. R.
icker et al. 2014 ). Curr ently, ther e ar e just over 183 of these
earby, small planets (J. L. Christiansen et al. 2025 , updated on
026-02-05). 

The growing sample of M-dwarf planets has shown that small 
lanets orbiting M dwarfs can exhibit a wide-range of planet 
tructur es (e.g . C. Dorn et al. 2017 ). Although some rocky planets
r e e xpect ed t o hav e atmospher es (e.g . K. J . Zahnle & D . C. Catling
017 ; P. C. August et al. 2025 ), a recent review by L. Kreidberg &
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Table 1. Stellar parameters adopted for this work. 

Designations 

TOI-1080, TIC 161032923, 2MASS 
J18252886-5212514, APASS 25090057, Gaia DR2 
6653968157663516672, Gaia DR3 
6653968157663516672, UCAC4 189–186987, WISE 

J182528.54-521252.0, SIPS J1825-5212 
Parameter Value Source 

T mag 12.707 ± 0.007 K. G. Stassun et al. ( 2019 ) 
B mag 17.138 ± 0.008 N. Zacharias et al. ( 2013 ) 
V mag 15.349 ± 0.049 N. Zacharias et al. ( 2013 ) 
G mag 14.0343 ± 0.0006 Gaia Collaboration ( 2023 ) 
J mag 11.044 ± 0.022 R. M. Cutri et al. ( 2003 ) 
H mag 10.467 ± 0.023 R. M. Cutri et al. ( 2003 ) 
K mag 10.17 ± 0.02 R. M. Cutri et al. ( 2003 ) 
W1 mag 10.015 ± 0.023 R. M. Cutri et al. ( 2021 ) 
W2 mag 9.83 ± 0.02 R. M. Cutri et al. ( 2021 ) 
W3 mag 9.584 ± 0.042 R. M. Cutri et al. ( 2021 ) 
W4 mag > 8 . 42 R. M. Cutri et al. ( 2021 ) 
Distance 25.559 ± 0.054 pc C. A. L. Bailer-Jones et al. 

( 2021 ) 
α 18:25:28.4 Gaia Collaboration (2023) 
δ −52 :12:52.46 Gaia Collaboration (2023) 
μα −270 . 293 mas yr −1 Gaia Collaboration (2023) 
μδ −69 . 5518 mas yr −1 Gaia Collaboration (2023) 
Parallax 39.132 ± 0.022 mas Gaia Collaboration (2023) 
SpT (Opt + NIR) M4.0 ± 1.0 This work (Sections 2.1 –2.2 ) 
R � 0 . 2019 ± 0 . 0075R � This work (Section 2.3 ) 
M � 0 . 1667 ± 0 . 0041M � This work (Section 2.3 ) 
L � 0 . 00324 ± 0 . 00046L � This work 
T eff 3065 ± 50 K This work 
log g � 5 . 049 ± 0 . 043 This work 
[Fe / H] −0 . 25 ± 0 . 25 dex This work (SED) 
[Fe / H] −0 . 09 ± 0 . 11 dex This work (near-infrared) 
[Fe / H] −0 . 10 ± 0 . 20 dex This work (optical) 
RV −78 . 3 ± 2 . 1kms −1 Gaia Collaboration ( 2022 ) 
Age � 5 −7 Gyr This work 
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. B. St ev enson ( 2025 ) highlights that there has been no unam-
iguous detection of an atmosphere of a rocky planet with the
tate -of-the -art James Webb Space Telescope ( JWST ) observations.
he detections of a volatile-atmospher e ar ound the hot Super-
arth 55 Cnc e (R. Hu et al. 2024 ), a tenuous rock vapour atmo-
pher e ar ound K2-141 b (S. Zieba et al. 2022 ), and a thick volatile-
tmospher e ar ound T OI-561 b (J. K. Teske et al. 2025 ), all orbit
ore massive stars. For example, the Near Infrared Imager and

litless Spectrogr aph (NIRISS) tr ansits of Super-Earth GJ 357 b
how no atmospheric features (J. Taylor et al. 2025 ) and the Near
nfrar ed Spectr ograph (NIRSpec) transits of GJ 1156 b also show a
at transmission spectrum (K. A. Bennett et al. 2025 ). For TRAn-
iting Planets and PlanetesImals Small Telescope (TRAPPIST-
), thermal emission photometry with Mid-Infrared Instrument
MIRI) discarded dense compact atmospheres around the two in-
er planets (M. Gillon et al. 2025 ), while transit spectroscopy with
IRISS and/or NIRSpec has failed to bring strong constraints
n the presence/absence atmospheres of the fiv e out er planets
o far, because of limit ed signal-t o-noise ratios (SNRs) and the
egative impact of stellar noises (e.g. A. Glidden et al. 2025 ).
he Rocky Worlds Discr etionary Dir ector’s Time programme has
een allocated 500 h with JWST and 250 orbits with Hubble Space
elesc ope ( HST ) t o e xpand our understanding of atmospher es
f terrestrial planets orbiting M dwarfs (S. Redfield et al. 2024 ).
he first results from this programme have found that for two
NRAS 548, 1–15 (2026) 
econdary eclipses of GJ 3929 b observed with MIRI at 15 μm, the
ost likely interpretation is a bare rock (Q. Xue et al. 2025 ). 
One of the significant hurdles to a robust atmospheric detec-

ion for these rocky M-dwarf planets is the stellar contamination
ue to their active planet hosts. When the stellar photosphere
as inhomogeneities that are not occulted during transit, it leads

o biases in the transmission spectra known as the transit light
our ce effect (e.g . B . V. Rackham, D. Apai & M. S. Giampapa
018 ). Although strategies that rely on stellar models are cur-
 ently applied, mor e dev elopment of st ellar models are needed
or robust mitigation (B. V. Rackham & J. de Wit 2024 ). The
tmospheric characterization of rocky planets can inform our
nderstanding of their interior structure (e.g. T. Lichtenberg et al.
025 ), internal sources of energy (e.g. Z. Lin & T. Daylan 2026 )
nd give insights into the planet formation history (e.g. K. I.
berg, S. Facchini & D. E. Anderson 2023 ). As such, it has become

mportant to detect and characterize small planets around small,
nactive stars. 

In this paper, we present the detection and validation of the
lanetary nature of TOI-1080 b, a t emperat e, rocky planet orbit-

ng an inactive M4V star . W e present first the characterization
f the star TOI-1080 in Section 2 based on medium resolution
pectroscopy and spectral energy distribution fitting. We assess
ossible blends with archival images and high-resolution imag-

ng, and discuss stellar activity. In Section 3 , we present the transit
hotometry obtained with TESS and the follow-up, time-series
hotometry obtained with ground-based facilities. In Section 4 ,
e statistically evaluate the planet scenario against other astro-
hysical scenarios and validate the planet nature of TOI-1080 b.
n Section 5 , we present the modelling of the transit light curves
 o charact erize the physical pr operties of the planet T OI-1080 b.
he upper limit on the planet mass based on optical and near-

nfrar ed pr ecision radial velocities is given in Section 6 . We dis-
uss the significance of this detection and the potential for further
haracterization of the planet in Section 7 . 

 ST E L L A R  C H A R ACT E R I Z AT I O N  OF  TOI - 1 0 8 0  

s the physical properties of the planetary system depend on
he stellar pr operties, her e we pr esent the car eful stellar char-
cterization of the host TOI-1080 based on optical (Section 2.1 )
nd near-infrared (Section 2.2 ) medium-resolution spectra, and
ts spectral energy distribution (Section 2.3 ). The star’s coordi-
ates, magnitudes, and pr operties ar e summarized in Table 1 . We
ote that although TOI-1080 was observed with high-resolution
pectrographs (see Section 6 ), these observations do not have a
ufficiently high SNR to derive accurate atmospheric parameters
or the host star and are used only for radial velocities. 

.1 Spectral type from near-infrared FIRE spectrum 

e observed TOI-1080 with the Folded port Infr aR ed Echellet te
FIRE) spectrograph (R. A. Simcoe et al. 2008 ) on the 6.5-m Mag-
llan Baade Telescope on ut 2021-10-15 under clear conditions
ith 0.7 arcsec seeing. The observations were taken in the high-

esolution echellette mode using the 0.6 arcsec slit, providing
av elength cov erage of 0.82–2.51 μm at a resolving power of 
 ≈ 6000 . We g ather ed four e xposur es of 200.8 s at an average
irmass of 1.2. For flux and telluric calibration, we observed the
0 V star HD 163761 ( V = 6 . 7 ) in two 5-s e xposur es at a similar

irmass. ThAr arc lamp frames were collected at each pointing,
long with daytime internal quartz and dome flats for pixel and
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Figure 1. FIRE spectrum of TOI-1080. The target spectrum (red) is 
shown alongside that of the spex SXD spectrum of the M3.5 V standard 
Luyten’s Star (GJ 273; grey). The higher spectral resolution of the FIRE 

spectrum gives it a more jagged appearance. Strong M-dwarf spectral fea- 
tures and spectral regions with strong tellurics are indicated. The figure 
shows the normalized flux of the planet host TOI-1080 as a function of 
wav elength, betw een 0.9 t o 2.35 microns. 
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Figure 2. MagE optical spectrum of TOI-1080 (black line) normalized at 
7500 Å compared to a combined M4 + M5 optical spectral t emplat e from 

J . J . Bochanski et al. ( 2007 , magneta line). Standard M dwarf atomic and 
molecular features are labelled, as well as regions of uncorrected telluric 
absorption ( ⊕). The inset box shows the 6555–6580 Å region highlight 
absorption from H α and Ca i . 
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laze corrections. The data were reduced with the FIREHOSE 

ipeline. 1 The resulting spectrum has a median SNR per resolu- 
ion element of 360. 

The FIRE spectrum of TOI-1080 is shown in Fig. 1 . Compari-
on with single-star standards in the IRTF Spectr al Libr ary (M.
. Cushing, J. T. Rayner & W. D. Vacca 2005 ; J. T. Rayner, M.
. Cushing & W. D. Vacca 2009 ) using the SpeX Prism Library
nalysis Toolkit (SPLAT; A. J. Burgasser & Splat Development 
eam 2017 ) indicates the closest match to the M3.5 V standard
uyten’s Star (GJ 273), and we adopt a near-infrared spectral type 
f M3.5 ±0.5 accor dingly. Fr om the K-band Na i and Ca i features
nd the H 2 O–K2 index (B. R ojas-Ay ala et al. 2012 ), we estimate
Fe / H] = −0 . 09 ± 0 . 11 using the A. W. Mann et al. ( 2013 ) rela-
ion. Furthermore, contrary to what is observed in giant stars, a 
isual inspection of the spectra of T OI-1080 r eveals clear absorp-
ion by both the Na I doublet at ∼2.21 μm and weak CO bands
ear 2.3 μm. This provides further support on the cool main-
equence nature of TOI-1080. 

.2 Spectral type from optical MagE spectrum 

e observed TOI-1080 on ut 2023-05-22 with the Magellan 

chellet te spectrogr aph (MagE; J. L. Marshall et al. 2008 ) on
he 6.5-m Magellan Baade Telescope. The night was clear, with 

eeing of 1.3 arcsec. We used the 0.7 arcsec × 10 arcsec slit,
hich provides a resolving power of λ/ �λ ≈ 6000 over the 4000–

000 Å range. Two 200-s e xposur es wer e obtained at an airmass
f 1.1. For flux calibration, we observed the spectrophotometric 
tandard EG 274 (M. Hamuy et al. 1992 , 1994 ) in two 10-s inte-
r ations. Wavelength calibr ation and flat-field corr ections wer e 
erformed using ThAr arc frames at each pointing and the stan-
ard set of afternoon calibrations (biases, Xe flats, and internal 
ats). Data reduction followed standard procedures using pypeit 

J. Prochaska et al. 2020 ; J. X. Prochaska et al. 2020 ). The final
pectrum has an SNR of ∼100 per pixel at 8000 Å. 

The reduced spectrum is shown in Fig. 2 , and displays features
ypical of mid-type M dwarfs, with a red spectral slope; strong
 ht tps://github.com/r asimcoe/FIREHOSE 

0  

G
B  
iO and CaH molecular features; and line absorption from K 

 , Na i , Ca i , Ca ii , Ti i , and Fe i . The spectrum appears to be
nt ermediat e betw een the M4 and M5 dw arf spectr al t emplat es
rom J. J. Bochanski et al. ( 2007 ), as confirmed by index-based
lassifications from I. N. Reid, S. L. Hawley & J. E. Gizis ( 1995 ), J.
. Gizis ( 1997 ), S. Lépine, R. M. Rich & M. M. Shara ( 2003 ), and
. C. Riddick, P. F. Roche & P. W. Lucas ( 2007 ) which span M4–
4.5. We adopt an optical classification of M4.5 ± 0.5, slightly 

ater but formally consistent with the near-infrared classification. 
e detect the 6563 Å H α feature in absorption with an equivalent
idth EW = 0.33 ± 0.02 Å, indicating weak or absent magnetic

mission and hence an activity age � 5–7 Gyr (A. A. West et al.
008 ). The metallicity index ζ = 0.909 ± 0.002 (S. Lépine, R. M.
ich & M. M. Shara 2007 ; S. Lépine et al. 2013 ) indicates a near-

olar metallicity of [Fe/H] = −0 . 1 ±0.2 based on the calibration
f A. W. Mann et al. ( 2013 ), similar to that inferred from the near-
nfrared spectrum. 

.3 Spectral energy distribution for TOI-1080 

s an independent determination of the basic stellar parameters, 
e performed an analysis of the broad-band spectral energy dis- 

ribution (SED) of the star together with the Gaia DR3 parallax
with no systematic offset applied; see e.g. K. G. Stassun & G.
orres 2021 ), in order t o det ermine an empirical measurement
f the stellar radius, following the pr ocedur es described in K. G.
tassun & G. Torres ( 2016 ), K. G. Stassun, K. A. Collins & B. S.
audi ( 2017 ), and K. G. Stassun et al. ( 2018 ). We pulled the JHK S 
agnitudes from 2MASS, the G BP G RP magnitudes from Gaia , 

he gri magnitudes from the AAVSO Photometric All-Sky Survey, 
nd the W 1–W 3 magnitudes from WISE . Together, the available
hotometry spans the full stellar SED over the wavelength range 
.4–10 μm (see Fig. 3 ). 

We performed a fit using PHOENIX stellar atmosphere models 
T. O. Husser et al. 2013 ), with the free parameters being the
ffectiv e t emperatur e ( T eff ) and metallicity ([Fe/H]). The e xtinc-
ion, A V , was fixed at zero due to the proximity of the system.
he resulting fit (Fig. 3 ) has a reduced χ2 of 1.6, with a best-
t T eff = 3065 ± 50 K, and [Fe/H] = −0 . 25 ± 0 . 25 . Integrating

he model SED gives the bolometric flux at Earth, F bol = 1 . 589 ±
 . 056 × 10 −10 erg s −1 cm 

−2 . Taking the F bol together with the
aia parallax directly yields the stellar radius via the Stefan–
oltzmann relation, giving R � = 0 . 2019 ± 0 . 0075 R �. In addition,
MNRAS 548, 1–15 (2026) 
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Figure 3. Spectral energy distribution of TOI-1080. The symbols with 
error bars represent the observ ed phot ometric measurements, where the 
horizontal bars r epr esent the effective width of the passband. The square 
symbols are the model fluxes from the best-fitting PHOENIX atmosphere 
model (continuous line). 
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i  

a  

P  

f  

Z  

p  

y  

c  

s  

t  

a  

t  

a  

a  

a  

W  

L  

d  

p  

a  

d
 

1  

<  

s

3
A

I  

u  

c  

b

3

T  

0  

0  
e can estimate the stellar mass from the empirical relations of 
. W. Mann et al. ( 2019 ), giving M � = 0 . 1667 ± 0 . 0041 M �. 

.4 Search for blends 

.4.1 SOAR speckle imaging 

igh-angular resolution imaging is needed to search for nearby
ources that can contaminate the TESS photometry, resulting in
n underestimated planetary radius, or be the sour ce of astr o-
hysical false positives, such as back gr ound eclipsing binaries.
e searched for stellar companions to TOI-1080 with speckle

maging on the 4.1-m Southern Astr ophysical Resear ch (SOAR)
elescope (A. Tokovinin 2018 ) on ut 2021-07-14, observing in
ousins I band, a similar visible bandpass as TESS . This obser-
 ation w as sensitiv e with 5 σ det ection t o a 5.0-mag faint er star at
n angular distance of 1 arcsec from the target. More details of 
he observations within the SOAR TESS survey are available in
. Ziegler et al. ( 2020 ). The 5 σ detection sensitivity and speckle
utocorrelation functions from the observations are shown in Fig.
 . No nearby stars were firmly det ect ed within 3 arcsec of TOI-
080 in the SOAR observations. 

.4.2 Ar chival imag es of TOI-1080 

ig. 5 shows the archival images for the TOI-1080 field. We
ave centr ed T OI-1080 in the SPECUL OOS-Southern Observa-

ory (SSO) Io image taken in 2021 and note that the position is
ot significantly different in the SSO Europa image taken in 2025.
ver the span of over 45 yr that the archival images encompass,

here is no other star in the position of the SSO Io observations
f TOI-1080. Thus, it is unlikely that there is contamination by
ack gr ound sour ce that is bright enough to affect our photometry
nd results. 

.5 Stellar activity 

e analysed the TESS and SPECULOOS light curves, described
n the next section, of TOI-1080 to search for evidence of stellar
otational modulation or flaring. We could not identify any flares
NRAS 548, 1–15 (2026) 
n the light curves or any rotationally induced photometric vari-
bility. A frequency analysis of the TESS photometry (i.e. both
DCS AP and S AP fluxes), with in-tr ansit data masked, w as per-

ormed using a generalized Lomb–Scargle periodogram (GLS; M.
echmeister & M. Kürster 2009 ) to search for the stellar rotation
eriod. When analysed independently, each of the three sectors
ields a different period and the phased light curves do not show
lear rotational modulation, suggesting that the signals are not
ignificant. The TESS SAP light curves present some variability
hat if it is due to rotation, it has a much longer time-scale than
ny giv en sect or. Because the sect ors are t oo far apart, the modula-
ion is not coherent on any particular period. We could not derive
 r obust r otation period fr om the TESS data set, indicating that
ny spot modulation of the light curves has a small amplitude
nd/or a long rotation period below our detection sensitivity.
e further analysed the ground-based photometry from SPECU-

OOS, which comprises 243 h of observations spanning ∼1364
. The resulting periodogram is noisy, with the amplitude at the
eriod of maximum power remaining below 0.4 ppt. The low
mplitude of photometric variability and absence of flares in both
atasets indicate that TOI-1080 is a quiet star. 
Unfortunately, the available high-resolution spectra of TOI-

080 do not have sufficient signal in the Ca ii H&K lines (SNR
 1) nor in H α (SNR ∼5) to assess chromospheric activity via

pectroscopic indicators. 

 TRANSIT  P H O  T  OMET R  Y  :  O B S E RVAT I O N S  

ND  DA  T  A  REDUCTION  

n this section, we describe the observations and data reduction
sed in the identification of the transit events in the TESS light
urves and the characterization of the transiting planet TOI-1080
 with additional ground-based observations. 

.1 TESS light curve and planet candidate status 

OI-1080 was observed by TESS in Sector 13 (2019-04-22 to 2019-
5-21), 66 (2023-06-02 to 2023-07-01), and 93 (2025-06-03 to 2025-
6-29) with a 2-min cadence. The Science Processing Operations
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Figur e 5. Ar chival images for T OI-1080 fr om the Digital Sky Survey (DSS) and 2MASS compared to the SSO Io observations taken in 2021. The position 
of TOI-1080 in the 2021 SSO Io stack image is marked in all panels by the circle and the coordinates are given in J2000. All images are the same size 
of 0.03 ◦ × 0 . 03 ◦, and ar e centr ed on T OI-1080’s position in the 2021 SSO Io observations. The colour scale for each frame has been optimized t o bett er 
show the stars. 

Figur e 6. N ormalized TESS light curv e. The 45 967 individual phot ometric points ar e shown as individual points (in gr ey). The continuous line (in 
purple) shows the 30 min binned flux. The transits of TOI-1080 b are marked by the pink triangles. 
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enter (SPOC; J. M. Jenkins et al. 2016 ) NASA Ames Research
ent er conduct ed a transit search in Sector 13 using a wa velet -
ased, noise-compensating matched filter (J. M. Jenkins 2002 ; J. 
. Jenkins et al. 2010 , 2020 ) and det ect ed a threshold crossing

vent. The signature passed all the tests in the Data Validation 

DV) report (J. D. Twicken et al. 2018 ; J. Li et al. 2019 ), including
he difference image centroid test, which constrained the loca- 
ion of the transit source to within 4.3 ± 5.0 arcsec of the cata-
ogue location of TOI-1080. The TESS Science Office reviewed 

he data validation reports and issued an alert for TOI-1080 b 
n ut 2019 August 16 (N. M. Guerr er o et al. 2021 ). The transit
ignature was det ect ed in a subsequent search of sect ors 13 and 66
her e the differ ence image centr oid test constr ained the tr ansit

ource to within 5.3 ± 3.0 arcsec. The three-sector TESS light 
urve is composed of 45 967 individual photometric points and 

t spans ∼2198d. 
SPOC data pr oducts ar e publicly a vailable as simple aper -

ure photometry (SAP; J . D . Twicken et al. 2010 ; R. L. Morris
t al. 2020 ) or pr esear ch data conditioning simple aperture pho-
ometry (PDCSAP; J. C. Smith et al. 2012 ; M. C. Stumpe et al.
012 , 2014 ); the latter is corrected for instrumental systematics
nd contamination of known nearby sources. We downloaded 

he PDCSAP light curv e for T OI-1080 fr om the NASA Milkulski
rchive for Space Telescopes via lightkurve (Lightkurve Col- 

aboration 2018 ). The TESS light curve for all three sectors is
resented in Fig. 6 . 
With the python package tpfplotter (A. Aller et al. 2020 ), we

lotted the field of view and aperture of the three TESS sectors to
ssess contamination from nearby stars using the Gaia DR3 cata- 
ogue (Gaia Collaboration 2023 ) and to discard that the source of 
he transit event itself in the TESS light curve is another star in
he field. Fig. 7 shows the target pixel files for each TESS sector
rom which we can conclude the dilution is minimal in the TESS
ight curves from nearby stars. 

.2 Follow-up, ground-based light curves 

o better constrain the planet radius and ephemeris, we obtained 

round-based, time-series photometry for the transit of TOI-1080 
. A summary of the follow-up, time-series observations is pre- 
ented in Table 2 . 
MNRAS 548, 1–15 (2026) 
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M

Figure 7. TESS Target pixel files and apertures (shaded). Although, the TOI-1080 field is relatively crowded, the brightest star is not affecting the TESS 
photometry and nearest stars are > 4 mag fainter than the target in the TESS passband. 

Table 2. Ground-based time-series photometric follow-up observations of TOI-1080. The � ln Z column is the 
Bayesian evidence for the transit, as described in Section 5 . Only light curves with � ln Z > 5 are used in the global 
analysis. a : The ExTrA light curv es w er e tr eat ed as a single long time series for each t elescope as described in 
Section 5 ; we ther efor e do not report a Bayes Factor for each individual light curve. 

Date ( ut ) Facility Filter t exp (s ) � ln Z Notes 

2019-09-02 L C O-SAAO −1.0m Sloan −i ′ 100 8.32 full 
2020-05-09 L C O-SSO −1.0m Pan-STARRS z s 150 0.79 full 
2020-05-21 PEST R C 60 −3.04 partial 
2020-08-01 L C O-SAAO −1.0m Sloan −r ′ 150 6.48 full 
2020-08-16 L C O-SAAO −1.0m Pan-STARRS z s 150 11.89 full 
2020-08-16 L C O-SAAO −1.0m V 150 0.72 full 
2020-08-24 L C O-SAAO −1.0m Pan-STARRS z s 150 3.04 full 
2021-04-19 L C O-SSO −1.0m Sloan −i ′ 100 229.59 full 
2021-05-24 ExTrA 2 & 3 a 1.21 μm 60 – full 
2021-06-01 ExTrA 2 & 3 1.21 μm 60 – full 
2021-06-05 TRAPPIST-South I + z 65 20.78 full 
2021-06-05 ExTrA 2 & 3 1.21 μm 60 – full 
2021-06-09 ExTrA 2 & 3 1.21 μm 60 – full 
2021-10-18 ExTrA 2 & 3 1.21 μm 60 – full 
2021-10-22 SPECULOOS Io Sloan −z ′ 10 0.42 full 
2021-10-22 ExTrA 2 & 3 1.21 μm 60 – full 
2021-10-26 TRAPPIST-South I + z 65 −1.88 partial 
2022-05-08 ExTrA 2 & 3 1.21 μm 60 – full 
2022-05-12 ExTrA 2 & 3 1.21 μm 60 – full 
2023-04-14 SPECULOOS Io Sloan −z ′ 10 25.81 full 
2023-08-23 ExTrA 2 & 3 1.21 μm 60 – full 
2023-08-27 ExTrA 2 1.21 μm 60 – full 
2024-08-14 ExTrA 2 1.21 μm 60 – full 
2025-06-27 SPECUL OOS E ur opa Sloan –z ′ 10 31.046 full 
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.2.1 SPE CUL OOS photometry 

e made use of two of the four telescopes of the SSO (L. Delrez et
l. 2018 ; M. Gillon 2018 ; D. Sebastian et al. 2021 ) to obtain transit
ight curves of TOI-1080 b. SSO is located at ESO Paranal Observa-
ory, and is made up of four identical 1 m-class telescopes named
fter the Galilean moons (Io, E ur opa, Ganymede, and Callisto).
hey are equipped with a 2K × 2K Andor iKon-L cameras cover-

ng a field of view of 12 arcmin × 12 arcmin for a pixel scale of 0.35
r csec. We obtained thr ee full transits of T OI-1080.01: two with
he Io telescope on ut 2021-10-22 and ut 2023-04-14, and one the
 ur opa telescope on ut 2025-06-28 in the Sloan-z’ filter and with
0 s e xposur es. We r educed the data and performed differ ential
hotometry using a custom pipeline built with the prose package
L. J. Garcia et al. 2022 ). 
NRAS 548, 1–15 (2026) 
In addition to transit observations, we obtained 27 nights of 
ontinuous monitoring of the star between ut 2023-06-26 and
t 2023-07-26. The goal was to search for hints of other possible
andidates in the system, and assess our performance and the de-
ectability of such candidates with the SPECULOOS telescopes.
hese observations were carried out in the Sloan-z’ filter with
 xposur es of 10 s, and they make a total of 243 h. 

.2.2 L C O-S AAO and L C O-SSO photometry 

e used the Las Cumbres Observatory Global Telescope
L C OGT; T. M. Brown et al. 2013 ) 1.0 m network to observe a total
f eight full transits of TOI-1080 b. Seven transits were observed
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ith the L C OGT 1.0 telescope at the South Africa Astronom-
cal Observatory (L C O-SAAO) and one was observed with the
 C OGT 1.0 telescope at Siding Spring Observatory (L C O-SSO) in
ustralia. The telescopes are equipped with a 4096 × 4096 SIN- 

STRO camera having an image scale of 0.389 arcsec per pixel and
 field of view of 26 arcmin × 26 arcmin. 

The observations were carried out in the Sloan- r ′ , Sloan- i ′ ,
 ohnson- V , and Pan-S TARRS z s filters with e xposur e times of 
50, 100, 150, and 150s, respectiv ely. The observation dat es are
iven in Table 2 . The data calibr ation w as performed using the
tandar d L C OGT BANZAI pipeline (C. McCully et al. 2018 ). The
hotometry extr action w as performed in an uncontaminated 3.1–
.2 arcmin target apertures using astroimagej (K. A. Collins 
t al. 2017 ). 

.2.3 TRAPPIST-South photometry 

RAPPIST-South (TRAnsiting Planets and PlanetesImals Small 
elescope; M. Gillon et al. 2011 ; E. Jehin et al. 2011 ) is a 60 cm
itchey–Chrétien robotic telescope located at La Silla Observa- 

ory in Chile since 2010. The telescope is equipped with a 2K ×2K
LI Pr oline C CD camera with a FOV of 22 arcmin × 22 arcmin
nd a pixel scale of 0.65 arcsec pixel –1 . Two full transits were
bserved on ut 2021-06-05 and ut 2021-10-26 in the I + z filter
ith e xposur e time of 65 s. The data r eduction and photometric
 xtraction wer e performed using the PROSE pipeline (L. J. Gar cia
t al. 2022 ). 

.2.4 ExTrA photometry 

xTrA is an instrument composed of three 60-cm telescopes lo- 
ated at La Silla Observatory in Chile that is capable of obtaining
ear-infrared photometry (X. Bonfils et al. 2015 ). We have ob-
erved TOI-1080 during 12 nights using one or two of the ExTrA
 elescopes betw een ut 2021-05-24 and ut 2024-08-14. We used
 arcsec aperture fibers and the lowest-resolution mode (R ∼20) 
f the spectrograph with an e xposur e time of 60 s. The details
f the observations are found in Table 2 . To process the data,
 e follow ed the pr ocedur e described in detail in M. Cointepas

t al. ( 2021 ) to subtract the sky flux and normalize by the flat,
nd obtained the differential photometry for TOI-1080 using the 
omparison stars. 

.2.5 PEST photometry 

he Perth Exoplanet Survey Telescope (PEST) has a 0.3-m diam- 
t er t elescope and is locat ed near Perth, Australia. PEST observ ed
he partial transit of TOI-1080 b on ut 2020-05-21 with 60 s expo-
ures in the R C . A total of 315 images over 401 min were obtained
ith a 1530 × 1020 SBIG ST-8XME camera with an image scale 

f 1.2 ar csec pix el −1 r esulting in a 31 arcmin × 21 arcmin field
f view. A custom pipeline based on C-munipack 

2 was used to
alibrate the images and extract the differential photometry. 

 P LANET  VAL I DAT I O N  

e made use of the statistical validation software triceratops 
S. Giacalone & C. D. Dressing 2020 ; S. Giacalone et al. 2021 ) to
 http://c-munipack.sourceforge.net 
3

i

est the probability of the transiting planet hypothesis for the TOI-
080.01 transit signal. triceratops calculates the flux contribu- 
ion from nearby stars to assess whether they could be responsible
or the transit signal. It then calculates probabilities for a variety
f transiting planet and eclipsing binary scenarios on the target 
nd nearby stars by fitting light curv e models, and finally provides
 false positive probability (FPP). The typical threshold for statis-
ical validation of a planet is an FPP of 0.015. 

In the first instance, we calculated the FPP using the phase-
olded TESS photometry, including all three sectors, and the con- 
rast curve from our high-resolution imaging described in Sec- 
ion 2.4.1 ; the resulting value for the FPP is 0.01626 which is just
bove the threshold. 

We then used triceratops ’ functionality that allows a user 
o discard certain false positive scenarios if ground-based obser- 
ations have already ruled them out. We dropped NTP (nearby 
ransiting planet), NEB (nearby eclipsing binary), and NEB ×
P (nearby eclipsing binary at twice the period) for 13 nearby
tars, as the small pixel scale of our ground-based photometry 
onclusively rules out these stars are the source of the transit
vent. This reduced the FPP to 0.001948, placing it confidently 
elow the threshold for statistical validation. 

We ther efor e consider the planet to be validated and refer to it
s TOI-1080 b. 

 L I G H T  C U RVE  M O D E L L I N G  

e carried out a global analysis of the complete photometric data
et described in Section 3 using allesfitter (M. N. Günther & T.
aylan 2019 , 2021 ), a flexible python inference package. alles-
itter generates light-curve models using ellc (P. F. L. Maxted 

016 ), and best-fitting models can be chosen using either nested
ampling or Markov chain Monte Carlo algorithms, implemented 

ia dynesty (J. S. Speagle 2020 ) and emcee (D. Foreman-Mackey
t al. 2013 ), respectively. For our analysis w e used the nest ed
ampling algorithm as this allows effective model comparison by 
alculating the Bayes Factor (R. E. Kass & A. E. Raftery 1995 ),
nabling us to choose the model with the highest statistical evi-
ence. 
We adopted the signal parameters reported by SPOC 

3 as uni- 
orm priors, and the stellar parameters adopted in Section 2 as
ormal priors. Additionally, we used PyLDTK (H. Parviainen & 

. Aigrain 2015 ) and the Phoenix stellar atmosphere models (T. O.
usser et al. ) t o calculat e quadratic limb - darkening coefficient

riors for each photometric band used in our follow-up cam- 
aign. We reparametrized these in the parametrization of D. M. 
ipping ( 2013 ) and adopted them as normal priors, following e.g.
. Dransfield et al. ( 2022 , 2024 ), A. H. M. J. Triaud et al. ( 2023 ),
nd M. G. Scott et al. ( 2025 ). 

Several of the transits described in Section 3.2 are dominated 

y red noise. To assess which light curves could contribute to a
efinement of the tr ansit par amet ers, w e follow the pr ocedur e
horoughly described in F. J. Pozuelos et al. ( 2023 ) and subse-
uently applied in S. Zúñiga-Fernández et al. ( 2025 ). In brief, we
t two models to each individual ground-based light curve; the 
rst is a pure noise model with fixed transit parameters, includ-

ng R p /R � = 0, and the second is a noise + transit model. For
MNRAS 548, 1–15 (2026) 

 Av ailable at ht tps://e x ofop.ipac.calt ech.edu/t ess/target.php? 
d = 161032923 

http://c-munipack.sourceforge.net
https://exofop.ipac.caltech.edu/tess/target.php?id=161032923
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Table 3. Adopted priors, and fitted and derived parameters from our 
fit. Uniform priors are indicated as U(lower bound, upper bound), and 
normal priors are indicated as N (μ, σ ) . a : allesfitter shifts the epoch 
to the centre of the data. 

Priors and fitted parameters 

R b /R � U (0 . 04 , 0 . 07) 0 . 0548 ± 0 . 0012 
(R � + R b ) /a b U (0 . 02 , 0 . 07) 0 . 0360 +0 . 0020 

−0 . 0016 

cos i b U (0 . 0 , 0 . 03) 0 . 0129 +0 . 0047 
−0 . 0058 

T 0 ;b a , ( BJD ) U (2458653 . 5 , 2458654 . 5) 2459756 . 40002 +0 . 00029 
−0 . 00032 

P b , ( d ) U (3 . 8 , 4 . 2) 3 . 9652482 +0 . 0000014 
−0 . 0000015 

q 1 ;T ESS N (0 . 327 , 0 . 05) 0 . 328 ± 0 . 048 
q 2 ;T ESS N (0 . 290 , 0 . 05) 0 . 290 ± 0 . 049 
q 1 ;Sloan −z ′ N (0 . 185 , 0 . 05) 0 . 188 ± 0 . 046 
q 2 ;Sloan −z ′ N (0 . 281 , 0 . 05) 0 . 282 ± 0 . 049 
q 1 ;Sloan −i ′ N (0 . 391 , 0 . 05) 0 . 415 ± 0 . 048 
q 2 ;Sloan −i ′ N (0 . 302 , 0 . 05) 0 . 317 ± 0 . 048 
q 1 ;Sloan −r ′ N (0 . 688 , 0 . 05) 0 . 690 ± 0 . 049 
q 2 ;Sloan −r ′ N (0 . 368 , 0 . 05) 0 . 371 ± 0 . 048 
q 1 ;I+z N (0 . 229 , 0 . 05) 0 . 216 ± 0 . 048 
q 2 ;I+z N (0 . 290 , 0 . 05) 0 . 292 ± 0 . 049 
q 1 ;1 . 21 μm 

N (0 . 185 , 0 . 05) 0 . 182 ± 0 . 045 
q 2 ;1 . 21 μm 

N (0 . 281 , 0 . 05) 0 . 282 ± 0 . 045 
gp ln S 0 (ExTrA2) U (−12 , 3) 1 . 79 +0 . 34 

−0 . 30 

gp ln Q(ExTrA2) U (−4 , −2) −3 . 933 +0 . 11 
−0 . 050 

gp ln ω 0 (ExTrA2) U (−4 , −1) −1 . 052 +0 . 038 
−0 . 075 

gp ln S 0 (ExTrA3) U (−12 , 3) 2 . 49 +0 . 28 
−0 . 31 

gp ln Q(ExTrA3) U (−4 , −2) −3 . 947 +0 . 080 
−0 . 039 

gp ln ω 0 (ExTrA3) U (−4 , −1) −1 . 044 +0 . 033 
−0 . 056 

Derived parameters 
R b ( R ⊕) 1 . 200 ± 0 . 058 
a b /R � 29 . 3 +1 . 4 

−1 . 6 

a b (au) 0 . 0272 +0 . 0015 
−0 . 0016 

i b (deg) 89 . 26 +0 . 33 
−0 . 27 

b b 0 . 38 +0 . 11 
−0 . 16 

T tot ;b (h) 1 . 020 ± 0 . 017 
T full ;b (h) 0 . 896 +0 . 020 

−0 . 021 

T eq ;b (K) 368 +12 
−10 

S b ( S ⊕) 4 . 35 ± 1 . 32 
u 1 ;T ESS 0 . 330 ± 0 . 062 
u 2 ;T ESS 0 . 239 +0 . 061 

−0 . 056 

u 1 ;Sloan −z ′ 0 . 240 +0 . 054 
−0 . 050 

u 2 ;Sloan −z ′ 0 . 185 +0 . 051 
−0 . 048 

u 1 ;Sloan −i ′ 0 . 407 ± 0 . 067 
u 2 ;Sloan −i ′ 0 . 235 ± 0 . 063 
u 1 ;Sloan −r ′ 0 . 617 ± 0 . 082 
u 2 ;Sloan −r ′ 0 . 213 ± 0 . 081 
u 1 ;I+z 0 . 268 +0 . 056 

−0 . 053 

u 2 ;I+z 0 . 191 +0 . 051 
−0 . 049 

u 1 ;1 . 21 μm 

0 . 237 ± 0 . 048 
u 2 ;1 . 21 μm 

0 . 184 ± 0 . 047 
he noise model we use allesfitter ’s hybrid spline function-
lity. We then compare the Bayesian evidence between the pure
oise and the transit + noise models, and select only those with
ln Z > 5 to include in the final model from which the planet’s

hysical properties are deriv ed. The deriv ed value of � ln Z for
ach light curv e is present ed in the penultimat e column of Table 2 .

In the case of the light curves obtained with ExTrA, we stitched
ogether the light curves from each of the two telescopes used. In
oth cases, the transit + noise model was significantly pr eferr ed;
ow ev er, the phot ometry has v ery large syst ematics and are diffi-
ult to detrend using the hybrid spline. We ther efor e use a Gaus-
ian Process (GP) kernel to model the red noise only in the case of 
he ExTrA light curves. We select the simple harmonic oscillator
SHO) kernel as implemented by celerite (D. Foreman-Mackey
t al. 2017 ). When detrending with a GP, the main challenge is to
v oid ov erfitting; t o av oid this w e place a uniform prior on the GP
requency ( ω 0 ) such that only low frequency noise is removed. We
lso remove three individual transits which have high amplitude
rends that cannot be removed with our frequency upper limit. 

We then jointly fit the TESS photometry and the highest quality
round-based light curves, fitting in the first instance a circular
odel and one with free eccentricity. In both cases, we fit for

ll transit parameters [ R p /R � , (R � + R p ) /a , cos i , T 0 , and P ]. In
he free eccentricity model, we parametrize the eccentricity and
rgument of periastron as √ e b cos ω b and 

√ e b sin ω b . 
The eccentricity derived from the more complex model is e b =

 . 133 +0 . 23 
−0 . 095 ; this value is consistent with zero at the 2 σ level. This

mall eccentricity has a 37.5 per cent probability of being spu-
ious, as defined by L. B. Lucy & M. A. S weeney ( 1971 ). A ddi-
ionally, we compare the statistical evidence for the circular and
ree eccentricity models by calculating the log Bayes factor, and
nd that the circular model is very marginally preferred ( � ln Z ≈
 . 3 ). We ther efor e adopt the circular model and we report all fitted
nd deriv ed paramet ers in Table 3 . In Fig. 8 , we present all fitted
ransit light curv es along with best-fitting models. 

 U P P E R  L I M I T  ON  T H E  PLANET  MASS  

e obtained six spectra of TOI-1080 with NIRPS (F. Bouchy et al.
025 ) spread over three nights: ut 2023-04-14, 2023-04-17, and
023-04-19. The observations were taken under the NIRPS Guar-
nteed Time Observation (GT O) pr ogramme (ID: 111.254T.001),
ith the initial objective of constraining the mass of TOI-1080 b.
he target was shortly thereafter deemed too challenging, given

he small expected semi-amplitude of ∼2–3 m s –1 and the photon-
oise uncertainties of NIRPS RVs for such a relatively faint tar-
et, which was still being established at the start of the GTO
n April 2023. Here, we use these spectra as a reconnaissance
adial velocity (RV) of the star to put an upper limit on the mass
f the transiting object. These RV data discard the scenario that
he transit signal is caused by stellar or brown-dwarf companion
rbiting the host. 

NIRPS is a high-precision, fiber-fed near-infrar ed spectr ograph
970–1900 nm) mounted on the E ur opean Southern Observatory
ESO) 3.6-m telescope at La Silla Observatory and capable of 
perating simultaneously with the High Accuracy Radial velocity
lanet Searcher (HARPS; M. Mayor et al. 2003 ). Each night, we
btained tw o consecutiv e 900 s NIRPS e xposur es, while HARPS
ollected a single 1800 s integration. Both instruments were set to
heir high-efficiency modes to maximize throughput, the High-
fficiency mode for NIRPS ( R ≈ 75 000 , 0.9 arcsec fiber) and the
GGS mode for HARPS ( R ≈ 80 000 , 1.4 arcsec fiber). The NIRPS
NRAS 548, 1–15 (2026) 
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Figure 8. Transit photometry of TOI-1080 b along with best-fitting mod- 
els. Gr ey points ar e the raw flux while white cir cles ar e binned to 15 min, 
colour ed accor ding t o the filt er used in the observation. Phot ometry from 

TESS and ExTrA are phase folded. The model lines are 20 random draws 
from the posterior. 
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Figure 9. Reconnaissance radial velocity of TOI-1080 with simultaneous 
NIRPS and HARPS observations. The gr ey r egions show 1, 2, and 3 σ
confidence envelopes for a fixed ephemeris circular, Keplerian fit with 
per-instrument offsets (3 free parameters). We derive a 3 σ upper limit of 
10.7 M ⊕ for the mass of TOI-1080 b. 
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pectra have a SNR of about 30 per pixel in the middle of the H 

and and the co-added spectrum has a peak SNR of about 60. For
omparison, the r eddest HARPS or der near 690 nm r eached an
NR per pixel of about 5. Although, these data are sufficient for
Vs, they cannot be used for accurate stellar characterization of 

he host. 
The NIRPS data wer e r educed with the apero pipeline (N.

. Cook et al. 2022 ), which delivers telluric-corrected spectra. 
he HARPS observations were processed using version 3.5 of 

he original HARPS data r eduction softwar e (C. Lovis & F. Pepe
007 ). The RVs were extracted with the line-by-line code ( LBL ,
0.65.012) described in É. Artigau et al. ( 2022 ). To improve RV
recision, we used high-SNR templates of GJ 643 (M4V) for 
IRPS and GJ 3090 (M2V) for HARPS, both observed as part of 

he NIRPS-GTO. 
We obtain RV precisions of 7 m s –1 with NIRPS (nightly bin)

nd 20 m s –1 with HARPS. We show the resulting RVs in Fig. 9 ,
rom which we can derive a 3 σ upper limit of 10.7 M ⊕ for the

ass of TOI-1080 b. This upper limit was obtained by fitting a
inusoid with the period and phase fixed to the transit solution
Section 5 ) and allowing separate instrumental RV offsets (3 de-
r ees of fr eedom). 

 DISCUSSION  

OI-1080 is a nearby ( ∼25 pc) mid-type M dwarf which hosts
t least one transiting planet, with a radius of R p = 1 . 200 ±
 . 058R ⊕ and an equilibrium temperature of T eq = 368 +12 

−10 . K. The
lanet receives an instellation flux of S b = 4 . 35 ± 1 . 32S ⊕, plac-

ng it inside the ‘t emperat e zone’, defined by M. G. Scott et al.
 2026 ) as 0 . 1 S ⊕ ≤ S p ≤ 5S ⊕ and T eq ≤ 400 K. 

At present we do not have a mass measurement for TOI-1080
, only an upper limit. How ev er, using the mass–radius rela-
ions presented in J. Chen & D. Kipping ( 2017 ) w e calculat e
n estimated mass of M p = 1 . 75 +1 . 25 

−0 . 57 M ⊕. We also used spright
H. Parviainen et al. 2024 ) to check this value and find it to be
onsistent. Planets with radii < 1 . 6R ⊕ are likely to be rocky (L.
. Rogers 2015 ; R. Cloutier & K. Menou 2020 ; H. Parviainen

t al. 2024 ) and are thus e x citing candidates for atmospheric in-
estigations. Those orbiting bright enough stars are particularly 
menable. In Fig. 10 , we present a mass–r adius diagr am placing
OI-1080 b in the context of other small, rocky planets within 50
c of the Sun. 
In the remainder of this section we discuss prospects for further

nalysis of this system. We begin by examining whether precise 
ass and atmospheric constraints are possible, followed by our 

nsights into the detectability of planetary siblings. 
MNRAS 548, 1–15 (2026) 
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Figure 10. Planets within 50 parsecs with R p < 1 . 6R ⊕ from the NASA 

Ex oplanet Ar chive. Points ar e colour ed accor ding t o host star effectiv e 
temperature and upper limits on masses are indicated with grey arrows. 
Composition curves for ‘rocky’ and ‘100 per cent Fe’ are taken from L. 
Zeng et al. ( 2019 ). TOI-1080 b is indicted as a star; the mass value plotted 
is the upper limit we derive in Section 6 ; we show as a fainter star the mass 
derived from the mass–radius relations of J. Chen & D. Kipping ( 2017 ) 
using forecaster . 
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.1 Prospects for a precise mass measurement of TOI-1080 
 

ased on the the mass estimat e calculat ed abov e and the st ellar
ass derived in Section 2 , we estimate that TOI-1080 b would

roduce a radial velocity semi-amplitude of ∼ 2 . 5 m s −1 . With
IRPS, the typical precision achieved was ∼ 7 m s −1 with 1800 s

nt egrations. Assuming only RV phot on-noise without account-
ng for stellar activity or additional unknown companions, we
alculate that it would have taken at least 200 measurements to
btain a 5 σ mass measur ement. This r educes to 70 spectra to mea-
ure the planet mass to 3 σ . Ther efor e, the optimistic estimate of 
IRPS telescope time needed would be 100 or 36 h, respectively. 
We used the ESPRESSO ET C (e xposur e time calculator) to

stimate the RV precision that could be achieved with this in-
trument. Given the larger aperture of the VLT, ESPRESSO is
 ell suit ed t o faint stars like TOI-1080. We find that in average
bserving conditions (airmass ≤ 1 . 5 and seeing ≤1.3 arcsec) we
ould achieve RV precisions of 5 . 6 m s −1 with 1800 s e xposur es.

ith this set-up and not accounting for stellar activity or addi-
ional companions, we calculate that 133 or 48 spectra would be
eeded for 5 or 3 σ mass measur ements, r espectively. Including
v erheads, this amounts t o 85 or 30 h of t elescope time, which
s a realistic programme for a nearby rocky planet suitable for
tmospheric characterization (see Section 7.2 ). Especially given
he scarcity of nearby rocky planets amenable to atmospheric
haracterisation. 

There is a strong precedent for precise mass measurements of 
mall rocky planets orbiting low-mass stars with ESPRESSO. For
nstance, using 44 ESPRESSO spectra, G. Lacedelli et al. ( 2024 )

easured the masses of both planets in the TOI-406 system, con-
isting of 1.2 and 2 . 2R ⊕ planets with orbital periods of 3.3 and 13
, r espectively. T OI-406 is an M3 host, and about 2 mag brighter
NRAS 548, 1–15 (2026) 
han TOI-1080, so naturally we expect more spectra would be
eeded in our case. In the case that there are additional planets in

he system more telescope time would also be needed to resolve
oth orbits. 

.2 Is TOI-1080 b suitable for atmospheric investigations? 

her e ar e sev eral methods used t o quantify how suitable a planet
s for atmospheric characterisation, the most common being the
ransmission spectroscopy metric (TSM; E. M.-R. Kempton et al.
018 ). We find that TOI-1080 b has a TSM of 10.6, and we con-
extualise this number in Fig. 11 . All planets in this figure have
 p < 1 . 6R ⊕ and have already been selected for atmospheric char-
cterization with James Webb Space Telescope ( JWST ), according
o Transiting Exoplanets List of Space Telescope Spectroscopy
TrEx oLiS TS) (N. K. Nikolov, A. Kovacs & C. Martlin 2022 ). TOI-
080 b has a higher TSM than TOI-700 b, d, and e, (E. A. Gilbert
t al. 2020 , 2023 ) and both planets in the LP 890-9 (L. Delrez et al.
022 ) system. We also calculate the ESM (emission spectroscopy
etric; E. M.-R. Kempton et al. 2018 ) for TOI-1080 b and find
 v alue of 1.4, compar able to TRAPPIST-1 c which has been ob-
erved in emission with JWST ’s MIRI and had a thick atmosphere
uled out (M. Gillon et al. 2025 ). 

Another way to select suitable targets for atmospheric charac-
erisation is to attempt to determine a priori their likelihood of 
ossessing an atmosphere in the first place. For instance, the ‘cos-
ic shoreline’ (K. J. Zahnle & D. C. Catling 2017 ), which is a theo-

etical boundary between planets with and without atmospheres,
ased on instellation flux received and planetary escape velocity.
his fr amework w as recently updated by X. Ji et al. ( 2025 ), and

hey use their parametric definition of the CO 2 cosmic shoreline
 o calculat e a priority scor e for r ocky e x oplanets. We use equa-
ion (7) of this paper to calculate the C O 2 cosmic shor eline for
OI-1080 b, defined as the instellation at which it has 90 per cent
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Figur e 12. Injection-r ecov ery t est performed on the residuals of the 
TESS light curve of TOI-1080. High and low recovery rates are indicated 
with light and dark colours, r espectively. T OI-1080 b is marked by the 
pink star and the errors on the planet radius are marked by the black 
vertical line. The errors on its orbital period are too small to be seen in 
the plot. These injection-recovery tests are able to discard other planets 
in the system. 

Figure 13. Phase coverage as a function of the orbital period of an h y - 
pothetical additional planet around TOI-1080, observed for 243 h in total 
by SPECULOOS. 
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r obability of r etaining a C O 2 atmospher e. We find a value of 
1 . 04S ⊕, placing TOI-1080 b comfortably below this boundary
ith its instellation of S b = 4 . 35 ± 1 . 32S ⊕. This gives a priority

core of 0.40; for cont ext, this w ould place TOI-1080 b 28th on the
ist of top 50 rocky planets for atmospheric characterization, had 

t been known at the time X. Ji et al. ( 2025 ) was published. 
The habitable zone, defined as the r egion ar ound a star where

 rocky planet with atmosphere may retain surface liquid water, 
s locat ed betw een 0.047 and 0.124 au for TOI-1080 (R. K. Kop-
arapu et al. 2013 ). TOI-1080 b is located outside the habitable
one at 0.0272 ± 0.0016 au. Given that TOI-1080 b receives an 

nstellation flux > 1 . 48 S ⊕, it is expect ed t o start a runway green-
ouse, that may result in a massive oxygen (O 2 ) atmosphere (from
 few hundreds to a few thousands bars) after water molecules are
hotolyzed by ultraviolet (UV) radiation and hydrogen escapes 
rom the planet (R. Luger & R. Barnes 2015 ; L. Schaefer et al.
016 ; E. S. Kite & L. Schaefer 2021 ; C. Cherubim et al. 2025 ). Rich
biotic O 2 atmospheres are a robust prediction for short period 

lanets around M dwarfs, like TOI-1080 b, and their characteri- 
ation could be considered as an int ermediat e and necessary step
owards the search of spectroscopic biosignatures (C. Cherubim 

t al. 2025 ). 
Thus far, no robust detections of a secondary atmosphere have 

een made for t emperat e r ocky e x oplanets observed in transmis-
ion with JWST (e.g. N. H. Allen et al. 2025 ; K. A. Bennett et al.
025 ; R. Luque et al. 2025 ). L. Kreidberg & K. B. St ev enson ( 2025 )
how that in most cases, a 5 scale-height atmosphere would still
e hidden in the noise for most planets observ ed, despit e the
utstanding precision of JWST and the large amount of time 
lready inv est ed. Therefore, the Rocky Worlds DDT Programme 
S. Redfield et al. 2024 ; Q. Xue et al. 2025 ) has selected nine of 
he most e x citing planets to observe in emission, as with this ap-
roach a thick atmosphere can be ruled out if there is no evidence
f heat redistribution on tidally locked planets. TOI-1080 b is an 

 x cellent target for this programme; its priority score as defined
y X. Ji et al. ( 2025 ) is higher than four out of nine targets selected,
nd its ESM is higher than two of the selected targets. 

.3 Additional transiting planets in the TOI-1080 system 

e first assessed the detection limits of additional transiting 
lanets in TOI-1080 by running Transit Least Squares (TLS; M. 
ippke & R. Heller 2019 ) on the residuals of TESS light curve

o the best-fitting model described in Section 5 . We do not find
ny significant signal. We then did an injection-recovery test on 

he same TESS residuals where we used batman (L. Kreidberg 
015 ) t o generat e synthetic transit signals of planets with radii
etween 0.38 (like Mercury) to 5 R ⊕ and with orbital periods
etw een 0.5 t o 30 d. In all the cases, circular orbits and 90 degrees
f inclination were assumed while the mid-transit times were 
andomly select ed betw een the minimum and maximum time 
n the TESS light curve. Once the planetary signal was injected 

n the residuals, we used TLS to search for the transits. If the
eriod r ecover ed was within 5 per cent of the inject ed period, w e
onsidered a positive detection. 

As shown in Fig. 12, we can rule out the existence of transiting
lanets down to ∼0.9 R ⊕ with orbital periods shorter than ∼7.7 d

n the TOI-1080 system, as in our simulations the planets were re-
overed in this period range in � 90 per cent of the injections. We
re also able to rule out larger planets than 1.4 R ⊕ with the TESS
ata with periods up to 19 d (better than 90 per cent recovery of 
he injections). Because the three TESS sectors are separated by 
 yr or more, the det ection rat e starts quickly declining beyond
9-d orbital periods for all planet radii, as expected for individual
8-d long TESS sect ors. How ev er, planet multiplicity is common
or M-dwarf hosts. TOI-1080 is not planned to be observed with
LAnetary Transits and Oscillations of stars (PLATO) based on 

urr ent L OPS2 field definition, so r evealing further planets will
eed dedicated ground-based monitoring campaign, more TESS 

ectors or alternatively an intensive RV campaign. 
Using all the available SPECULOOS observations (243 h), we 

omputed the percentage of phase coverage for all orbital periods 
rom 0.1 to 15 d, following a similar approach to that described
n D. Sebastian et al. ( 2021 ). We obtained an effective coverage
f 80 per cent for P max = 12 . 8 d. This effective coverage metric is
efined as the integral of the percentage of phase coverage over
he period range from P = 0 . 1 to P max = 12 . 8 d. 

Our goal is t o estimat e the number of additional nights re-
uired to achieve an effective phase coverage of 80 per cent over
he full optimistic habitable zone (HZ) of T OI-1080, ther eby al-
owing us to significantly detect or rule out HZ planets in this
MNRAS 548, 1–15 (2026) 
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Figure 14. Simulation of the phase coverage as a function of the orbital 
period for 63 nights to reach effective coverage of 80 per cent for P max set 
to the period of the outer bound of optimist habitable zone. 
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yst em. To this end, w e simulat ed 27 nights of observations –
atching the number of nights obtained with SPECULOOS –

ach lasting 8 h. We verified that the resulting percentage of phase
ov erage and effectiv e cov erage from the simulations are consis-
ent with those derived from the real observations. Fig. 13 con-
rms this agreement, showing that the simulated and observed
overages are indeed very similar. 

We then extended the simulations to N nights, where N is
he number of nights r equir ed for the effective coverage at P max 
 Period of the out er HZ limit (comput ed using R. K. Kopparapu

t al. 2014 ) to reach 80 per cent. We find N = 67 nights, implying
hat 36 additional nights (63–27) of monitoring are needed to fully
 xplor e the HZ of TOI-1080 (see Fig. 14 ). 

 SUMMARY  

n this work we have presented the detection and validation
f TOI-1080 b, a t emperat e R p = 1 . 200 ± 0 . 058R ⊕, likely rocky
lanet orbiting an M4 host ∼ 25 pc away. We have shown that
his planet is suitable for mass measurements with radial veloc-
ty with ESPRESSO, as well as atmospheric characterization via
ransmission spectroscopy, and would be a prime target for the
WST + HST Rocky Worlds DD T pr ogramme. Although inner to
he TOI-1080 habitable zone, TOI-1080 b could potentially have a
O 2 or a massive O 2 atmosphere amenable for characterization.
e rule out additional transiting planets with radii > 0 . 9 R ⊕ and

eriods between 0.5 and 7.7 d and for periods up to 19 d we can
ule out planets larger than 1.4 R ⊕ in the system based on the
ESS phot ometry. Giv en the scarcity of nearby terrestrial planets
uitable for in-depth characterization, TOI-1080 b represents an
 x citing addition to the known sample. 
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