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Brown dwarf kan da bi eni pé 6 n wobble ni gbogbo
0j0 171. Ay€ kan ti a ko ri 1e 1 fa a, sugbon data si
gba possibility méji laye

High-quality spectrum 23 reveal strong periodic shift ninii motion CD-35 2722 B. Preferred model jé one
eccentric companion péli minimum mass near Jupiter’s, sugbon two-object model le mimic same signal,
slow brown-dwarf variability si possible in principle, oro exomoon’ ko si ni settled boundary nibi.
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brown dwarf

Brown dwarf kan da bi eni pé 6 n wobble ni gbogbo 0j0 171.
Ayé€ kan ti a ko ri 1€ n fa a, sugbOn data si gba possibility
méji laye

Awon onimd ijinleé sdnma le ri CD-35 2722 B gégé bi koko of light tire, yatod si irawo ti 6 i orbit. o} jé brown
dwarf, nind mass regime 1dadrin giant pilanéeti ati iraw: ni nnkan bi Jupiter mass 37, 6 massive ju typical giant
pilanéeti 1o sugbdn ki 1 se normal hydrogen-burning irawd. Won ko 1€ ri object kékeré ti 6 1¢ i1 orbit brown dwarf
fanra r¢. Ti a ba confirm r¢, innermost object yen yoo mu eyi di hierarchy akoko ti a observe ti satellite kan yi
larger substellar object kd, nigba ti object nda finra r¢ tin 1i orbit iraw¢ kan.

Ohun ti won ri dipo re ni rhythm kan. Ni di¢ lara night, light brown dwarf shift di¢ bi 6 se 1 rin si Earth. Ni night
miiran, 6 shift bi brown dwarf se 1i rin kiro 10do wa. Pattern nda n tdn ara r¢ se nnkan bi gbogbo 171 days.

Back-and-forth motion yen ni unseen companion I¢ fa: bi object méji se fi orbit shared centre of mass, object
kékeré 1 yi larger okan k4, sugbon larger Okan nda i se loop t6 kéré ptipo. Ti rhythm yii b4 jé orbital, Nature
iwé 1wddii tuntun kan gbé planetary-mass object kan kal¢ gégé bi preferred explanation ftin loop ti a measure yi
CD-35 2722 B ka.

O jé possibility t6 remarkable, ki i se photo moon kan. High-quality observing night 23 reveal lagbara periodic
ami. Yiyi ami yen pada si world kan require awose, current data si si gba architecture ju okan lo 1dye. Won ttin ko
fully exclude slow change ninti brown dwarf ftnra re¢.
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One wobble, two nearly identical fits

23 radial-velocity measurements of the brown dwarf CD-35 B
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Points and error bars are observations. Curves are model fits, not directly observed companions.

Black koko ati asise bar ni 23 nightly radial-velocity measurement. Solid ati dashed curve ni best-fitting 0kan-
ati two-satellite awose. Near overlap won fi han idi ti data fi le reveal periodic wobble Iai tii determine
architecture &to; curve kankan ki i se taara image companion.

Original chart — The Clean Paper; data from Hoy et al., Nature (2026), Figure 1 source workbook CC BY 4.0

System kan ninua eto

CD-35 2722 B jé brown dwarf: object kan ldadrin familiar category. O massive ju typical giant pildnéeti lo,
stugbon mass r¢ ko t6 14ti shine bi normal hydrogen-burning irawo. iwé iwadii lo estimated mass niikan bi Jupiter
37.

Brown dwarf nda jé discovered ni taara imaging, iyen telescope resolved light r& yatd si ti host irawd. O han nikan
bi 2.8 arcseconds kuro 16do irawo 16ri sky. Wide orbit t6 connect pair nda poorly known, suigbén current isiro
afojusun daba highly stretched path t6 gba nnkan bi 5,000 years.

Ti periodic ami ba j¢ orbital, inferred architecture y6o0 fi candidate nda si ipele jinl¢ si i: irawo kan ti brown dwarf
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1 orbit, peld planetary-mass companion ti 6 fi orbit brown dwarf yen.

A possible system inside a system

If the signal is orbital, the candidate would occupy the innermost level.
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THE INNER HIERARCHY IS INFERRED, NOT DIRECTLY OBSERVED
* not to scale - candidate existence, true mass and the label “exomoon” remain unsettled
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Original diagram - The Clean Paper - CC BY 4.0

Ti ami ba jé orbital, candidate y60 gba innermost ipele ninu seé se hierarchy vyii. Brown dwarf nikan ni a ti ri
taara. Outer orbit yi irawo ka poorly constrained, nigba ti approximately 171-day inner path jé inferred lati
measured wobble brown dwarf. Size ati ijinna ki i se to scale.

The Clean Paper CC BY 4.0

Possible hierarchy yii rortin 14ti draw. Physical reality ati vocabulary r¢ ko tii settle. S€ planetary-mass body ti 6 fi

orbit brown dwarf ye ki a p& ni moon, pilanééti tabi satellite nikan? Awon astronomer ko ni accepted ofin t6 settle

ibéere naa. Nitori naa iwé iwadii lo broader word exosatellite.

Bi 23 night se di wobble

egb¢é naa observe CD-35 2722 B (wo NASA Eyes on Exoplanets entry) peld CRIRES+, high-resolution spectro-
graph 16ri European Southern Observatory’s Very Large Telescope. Laadrin October 2023 ati February 2026, won
gba 26 observing epoch. Qkan ni ami t6 kéré ju, méji ti a gba nind bad weather jé rejected, won si repeat won, t6
fi 23 high-quality nights silg.

Spectrograph 1i tan light si detailed apeere line. Nigba ti orisun b 1i rin si Earth tabi karo 16do r¢, line wonyi shift
di¢. Repeated measurement ti line-of-sight motion yii ni a i1 pé ni radial velocity. Wén ko fi hidden body han.
Woén fi bi observed body se 1¢ i move 1ab¢ unseen pull han.

Strongest periodicity nind measurement wa sunmé 170 days. O kojd 0.1% false-alarm-probability threshold
iwddii. Threshold yen béere bi ariwo se mda, 14b¢ assumption 1ddnw0, produce periodogram peak t6 lagbédra bayii


https://eyes.nasa.gov/apps/exo/#/planet/CD-35_2722_b
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ni igba mélod. Ki 1 se probability 99.9% pé satellite wa, ko si so ohunkéhun finra r¢ nipa béyd companion kan

tabi méji ni.

Ki ni radial-velocity signal Ié establish?

Radial velocity yi repeated shift nind spectral line pada si measurement motion si observer ati kiro 16do
observer. Repeating apeere l¢ jé fit peld equation orbit, t6 jé ki oluwddii infer period, iwon measured
wobble ati minimum companion mass.

Stugbdn ona ko photograph companion taara. Stellar tabi substellar atmosphere tun le shift spectral line,
observing schedule 1¢ create misleading rhythm, yato orbital arrangement si I¢ imitate ara won. ami naa,

physical explanation r¢ ati ortko ti a fin inferred object jé separate ibéere.

Sampling ye ki a fi attention si sa4ju orbital answer. Four especially low radial-velocity measurement ru weight té
substantial nind apeere. Woén seleé ni pair méji, 14bé reported good condition, ko si si single koké kan té create ami
nigba ti onkowé repeat itipale I€yin removing kéké kan ni gbogbo igba. Sib¢, apa orbital phase nikan ni a apeere.

Night 23 spread kojd ju méji years lo ki 1 se kan nda as continuous coverage.

Awon onkowé tiin iddnwo seé se half-year artefact. Imperfect correction fin Earth’s changing motion tabi instru-
ment profile le create false annual ami ti sampling alias si half Earth year, tabi 182.5 days. Preferred period won
jé 171.11 days, peld uncertainty +0.53/-0.36 days; onkowé royin pé eyi wa nnkan bi 20 standard deviation kiiro
ni 182.5 days. Wén tin royin no correlation peld Earth’s changing motion, seeing, atmospheric water vapour tabi
instrument property ti won examine. Awon yii jé important control. Wén mu orbital explanation compelling t6

lati awose, sugbon won ko identify object nda finra won.

Orbital answer t6 simplest: companion kan

Ninu preferred awose, object kan t¢lé eccentric, tabi somewhat stretched, orbit yi brown dwarf kd ni gbogbo
171.11 days. Fitted orbit ni eccentricity nikan bi .27 ati semi-major axis nnkan bi 0.200 astronomical units —
roughly Okan fifth ti average Earth-Sun ijinna.

Measured wobble ni amplitude nikan bi 318 metres per second. Liti motion yen, awose fin companion ni

minimum mass nikan bi 0.92 times Jupiter’s mass.

Oro minimum se pataki. Radial velocity measure nikan apd orbital motion directed si wa ati karo 16do wa. Ti orbit
ba viewed edge-on, OpO motion r¢ han légbe¢ line yen. Ti a ba viewed r¢ si i face-on, much motion koja sky dipo,

companion té massive si i y60 si needed lati produce kan nda measured wobble.

Astronomer ko es1 gégé bi m sin(i): mass multiplied peld sine ti unknown inclination orbit, tabi viewing angle.
data constrain product yen, ki i se true mass finra r¢. Nitori nda nnkan bi 0.92 Jupiter masses jé lower bound, ki

i se measurement exact mass object.
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Ki l6 dé ti viewing angle fi hide mass?

Foju runner kan 16ri circular track ti o 1 wo lati side. Runner nda repeatedly 1 rin si ¢ ati karo 16do re,
nitori nda component motion yen rorun lati measure. Bdyii wo kan nda track lati oke. Runner i rin mostly
across view re, 0 si fére€ ma rin si o tabi karo 16do re.

Radial velocity ri component akoké nikan. Mathematical factor sin (i) sapejuwe iye orbital motion t6

koké 1égbeé line of sight wa. Titi inclination i y60 fi mo, inferred mass si jé minimum.

L¢yin nda awon onkowé béere bdya orbit yii le persist dipo ki 6 quickly destroy ara r¢. Numerical iddnwd won ri
one-companion awose generally stable. Eyi mud un di physically seé gba interpretation ami. Ko constitute second
detection.

Awkward answer: companion méji le fara wé okan

Eccentric radial-velocity ami ni ambiguity ti a mo. L4b¢ di¢ lara condition, object méji nind nearly circular orbit,
peld okan ti period r¢ roughly twice ti omii, I¢ produce combined apeere té resembles object kan nint stretched
orbit.

Ambiguity yen farahan nibi. Two-companion awose 1¢ fit current measurement peld outer ami near 171 days ati
shorter-period inner ami. Nitori observing akoko ko apeere every phase evenly, shorter ami ni several alias. Nitori
23 selected nights fi long gap sil¢, yatd idanwo period I& count yatd number unseen cycle ldadrin visit, ti won si si
align peld kan nda measurement. Candidate period near 14, 70, 88 ati 115 days nitori nda jé alternative fit si okan

poorly sampled shorter ami, ki i se four independently detected rhythm.

Awon dnkowé reject poorly constrained 13-to-17-day window. Nint region yen, fit ko isolate Okan convincing
period: many closely spaced solution below nnkan bi 20 days 1¢ reproduce low-cadence measurement, ti 6 mu
whole window likely sampling artefact. L4adrin remaining window, approximately 88-day solution fit better ju
roughly 70- ati 115-day alternative, sugbon ki 1 se enough fin iwé iwadii 14ti claim known second period. Nind
tabulated best fit, outer object’s minimum mass j¢é ninkan bi 0.87 Jupiter masses, inner object’s nikan bi 0.22

Jupiter masses. Noriba wonyi describe disfavoured awose; ki 1 se measurement of méji established worlds.
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One measured rhythm, more than one orbital model

The dynamics favour one object; they do not add another observation.
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PREFERRED IS NOT CONFIRMED
* tested controls do not show an annual or activity artefact; slow brown-dwarf variability remains possible in
principle

Original diagram - The Clean Paper - CC BY 4.0

Ti approximately 171-day ami ba jé orbital, kan naa broad radial-velocity apeere | jé represented nipasé okan
eccentric companion tabi méji near-circular companion close si two-to-one period ratio. Stability idanwo favor
one-object interpretation, sugbon ko yi awose si image, ko si ofin out every form of slow brown-dwarf
variability.

The Clean Paper CC BY 4.0

Stability calculation sharpen ifiwéra. Most tested two-companion arrangement expelled okan object nind few
hundred simulated years. Surviving configuration occupied narrow, unusual region nibi ti orbit close si kan naa

plane sigboén move opposite itdsona. Host irawo introduce further unstable region.

Eyi jé reason lati prefer 0kan eccentric companion ju tested two-companion eto. Kii se proof pé nature yan simpler
awose. Stability filter seé se interpretation I¢yin radial velocity measurement; ko add observed koké miiran si curve.

Bawo ni eccentric orbit kan se lé da bi circular orbit méji?

Perfect circular orbit produce simple repeating radial-velocity wave. Eccentric orbit add distortion si wave
yen. Two circular orbit p¢ld period near two-to-one ratio 1&¢ combine ki ami kan supply pataki rhythm, omii
si supply similar distortion.

Eyi j¢ orbital degeneracy: yatod physical &td produce similar measurement. More observation ni akékd nibi
ti awose predict yatd velocity 1¢ break tie. Dynamics idanwo help nipa asking boya proposed €to kookan

1¢ survive, sugbdn ko 1¢ replace observation yen.
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S€ rhythm le wa lati brown dwarf fanra r¢?

Brown dwarf ki 1 se silent iddnw0 mass. Atmosphere r¢ rotate, form cloud, 6 si I¢ ni magnetic activity. Changing

0ju apeere I reshape spectral line, ki 6 si imitate motion.

Estimated maximum rotation period CD-35 2722 B jé nnkan bi 0.65 days, kukurd pip0 ju 171 days lo. egbé ko
recover lagbdra short rotation ami, tabi convincing cloud- tabi granulation-like ami, nind activity awose ti won

idanwo. Wén tin examine annual sampling ati instrumental quantity 141 ri match si 171-day rhythm.

Check wonyi narrow alternative, sugbdn iwé iwadii ko claim pé gbogbo intrinsic variability ti eliminated. Long-
timescale magnetic activity tabi atmospheric circulation nind brown dwarf ko I& ofin out in principle. Remaining
possibility yen ye ki 6 wa 1égbeé orbital awose, ki 1 se ki a hide I€yin won.

Four levels of evidence, not one confirmation

Each level answers a different question.

( N\ [ N\ )
° MEASUREMENTS ° PATTERN ° MODEL ° TAXONOMY
23 nightly strong ~171-day if orbital: exosatellite
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two-object fit remains;
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plausibility filter

for the tested periodicity

THE JUMP FROM PATTERN TO ORBIT REMAINS CONDITIONAL
* tested controls show no annual or activity match; slow brown-dwarf variability remains possible in principle
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Original diagram - The Clean Paper - CC BY 4.0

eri n goke koja ipele t6 yato: 23 nightly radial velocity pélu limited phase coverage, lagbara approximately
171-day periodicity, preferred one-companion awodse ti ami ba jé orbital, ati nikeyin unsettled “exomoon” label.
Ladder naa ya measurement, statistical apeere, physical interpretation ati taxonomy soto; ki i se confirmation
arrow.

The Clean Paper CC BY 4.0

Sé€ 6 jé exomoon?

Ninua Solar System, moon 1 orbit pildnéeti. CD-35 2722 B jé brown dwarf, true mass inferred companion ko

si tii mo. Familiar name bere si 1 nira nigba ti object kan wa sunm¢ planet-brown-dwarf aala, omii si sunm¢
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moon-planet aala.

iwé 1wadii ko claim first confirmed exomoon. O so pé€ ko si exomoon ti a ti confidently detect, 6 present eri fun
planetary-mass exosatellite, 6 si pe €to nda ni step si uncontroversial detection. Discussion seé se novelty r¢ bere
conditionally: ti ami b4 fi eri mule legitimate.

Caution yen ko mu ¢esi di empty. Measuring radial velocity taara 1ati faint brown dwarf companion nira. Ti
continued observation b4 preserve ami, ¢td y6o0 fi han pé planet-search ona I¢ reach down Omiran ipele celestial

hierarchy.

Another observing season I¢ se ju adding kéké lo. One- ati two-companion awose predict yatd velocity ni particular
future akoko. Measurement t6 fill missing orbital phase 1& iddnwo béyd 171-day rhythm persist, din ku influence

four low koéko, ki competing curve diverge.

Fiin bayii, honest image ki i se tuntun moon hanging 1égbéé brown dwarf. O jé spectrum, repeated night Iéyin
night, ti 6 ru small periodic shift. Ayé kan I¢ wa nind rhythm yen. Achievement nda ni learning how much l¢ be
inferred 14ti it 141 pretend pé inference ti complete.

Akoétan mimo

Awon astronomer measure radial velocity ti taara imaged brown dwarf CD-35 2722 B ni 23 high-quality nights
laadrin October 2023 ati February 2026. Spectral line r¢ fi han ldgbara periodic shift near 171 days. Preferred
orbital awose ni Okan eccentric companion p¢ld minimum mass near 0.92 Jupiter masses, sugbon true mass un-
known nitori orbital inclination unknown. Two near-circular companion l¢ mimic kan nda broad ami, bi most tested
two-object configuration til¢ dynamically unstable. Four low-velocity epoch influential, orbital phase coverage si
limited: observation apeere selected part ti seé se 171-day cycle dipo tracing continuously nipas¢ every phase.
idanwo ko identify rotation, annual sampling, weather tabi examined instrument property gégé bi orisun, suigbon
long-timescale brown-dwarf variability ko 1 ofin out in principle. Unseen object ko taara imaged, one-object

awose preferred dipo confirmed, ko si si settled ofin pé planetary-mass body ti 6 11 orbit brown dwarf jé exomoon.

\ N\ N N/ N\ \

ayewo laisi asodun

Ohun ti a observe: 23 nightly radial-velocity measurement ti CD-35 2722 B ni lagbdra approximately 171-day
periodicity. Brown dwarf finra r¢ taara imaged; proposed companion ko.

Ohun ti awon onkowé prefer: Ti ami ba jé orbital, Okan eccentric companion p¢li minimum mass near Jupiter’s

mass fun simplest dynamically seé gba interpretation ti current dta.

Ohun ti si si: Two companion 1¢ fit radial velocity, bi tested &to til¢ usually unstable; long-timescale brown-dwarf

variability ko excluded in principle; unknown viewing angle si fi true companion mass undetermined.

Ohun ti iwé iwadii ko establish: First confirmed exomoon, taara seen satellite, exactly okan orbiting object, true

mass 0.92 Jupiter masses, tabi probability 99.9% pé preferred physical awose correct.
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Ohun ti y60 ma igbékélé po: Continued radial-velocity measurement té cover si i orbital phase, idanwo bdya

171-day ami persist, ati apeere akoko nibi ti okan- ati two-companion awodse make yato prediction.

Awon orisun

Hoy et al., Planetary-mass exosatellite detected around the substellar companion of a star, Nature 655, 865-

869 (2026)
https://doi.org/10.1038/s41586-026-10751-w

Hoy et al., reduced data and analysis code for Nature_Hoy-2026
https://github.com/kevinmhoy/Nature_Hoy-2026
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