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JWST ta ga unidentified fingerprint iri ɗaya a Titan
da Pluto

JWST spectra suna nuna real absorption feature kusa da 5.11 micrometers a surfaces na Titan da Pluto.
Signal ɗin yana bayyana a independent instruments, behaviour ɗinsa ya fi dacewa da surface feature
fiye da atmospheric haze, kuma bai match da published laboratory spectra na expected ices ba. Wannan
unresolved identification problem ne, ba evidence na exotic substance ba: likely answer ordinary frozen
organic compound ne wanda laboratory fingerprint ɗinsa ba a auna a right conditions ba tukuna.
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Wani layi da ya ɓace daga kundin bayanai

Titan da Pluto ba wurare ne masu sauƙin karantawa ba. Titan tana ɓoye surface ɗinta a ƙarƙashin thick orange
haze. Pluto tana da atmosphere mafi siriri sosai, amma ƙarama ce, sanyi kuma tana da nisa sosai. Babu ɗayansu
da ke sauƙaƙa wa masu bincike aiki.

JWST ta sami wata hanya ta shiga, aƙalla wani ɓangare. Kusa da micrometers biyar a infrared, haze na Titan yana
buɗe ƙaramar window da surface light zai iya fita. A wannan window, astronomers sun ga ƙaramin absorption
feature kusa da 5.11 micrometers. Feature ɗin iri ɗaya ya bayyana a Pluto.

Wannan shi ne ainihin sakamakon. Duniya biyu masu sanyi da kankara, atmospheres ɗinsu sun bambanta sosai,
amma missing bit of light ɗaya.

Version mai jan hankali zai ce: mysterious substance a Titan da Pluto. Version mafi kyau ya fi precise kuma ya
fi ban sha’awa. Wannan measured spectral fingerprint ne wanda carrier ɗinsa bai dace da published laboratory
spectra da aka sani ba tukuna. Akwai line a bayanai. Har yanzu babu secure name a catalogue.

Wannan bambanci yana da muhimmanci. Unidentified feature ba magic compound ba ne. Matsala ce da aka miƙa
wa spectroscopists: gano wane ice, mixture, grain size, radiation history ko laboratory condition zai iya samar da
wannan alama.

Yadda spectroscopy ke “karanta” kankara

Spectroscopy tana duba light bayan matter ta sami damar cire wani ɓangare daga gare ta. Surface tana
reflect incoming light, amma molecules da solids suna absorb takamaiman wavelengths bisa structure da
physical state ɗinsu. A spectrum, waɗannan missing wavelengths suna bayyana a matsayin dips ko bands.
Wannan ya sa spectrum ta zama irin imperfect fingerprint. Mataki na gaba shi ne comparison: a ɗauki
observed band a kwatanta da laboratory spectra na candidate ices da aka auna a relevant conditions. Idan
candidate ɗaya ya dace da position, width da companion bands, za a iya identification. Idan babu wanda ya
dace, ba “monster ƙarƙashin kankara” ba ne. Real fingerprint ne kawai ba tare da secure name ba.

[figure_pair pending]

Titan a false-colour infrared daga Cassini, da Pluto a enhanced colour daga New Horizons. Waɗannan context
images ne, ba shaida daga JWST takarda ba: sakamakon yana tsayawa ne a spectra, ba waɗannan views ba.

Abin da marubutan suka yi

Marubutan sun yi amfani da JWST spectra na Titan da Pluto domin duba yankin 4.9–5.4 micrometers. Ga Titan,
sun yi amfani da NIRSpec observations na Nuwamba 2022 daMIRI observations na Yuli 2023. Ga Pluto, sun yi
amfani da MIRI observations na Mayu 2023.

Titan ce target mafi wahala. Nitrogen-methane atmosphere da organic haze nata suna sa surface ya yi wahalar
nazarin spectroscopically. Ƙungiyar ta zaɓi spectra kusa da disk center na Titan, inda surface light ya kamata
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ya bayar da contribution mafi tsabta, ta canza measurements zuwa reflectance, sannan ta kwatanta matsakaici
NIRSpec spectrum da radiative-transfer model da ya haɗa known gas da haze opacity.

Daga nan suka duba abin da ya rage. Smooth surface spectrum tare da known atmospheric absorption ba su iya
bayyana narrow feature kusa da 5.11 micrometers ba. Marubutan sun fit leftover absorption ɗin da Gaussian domin
auna position, depth da width.

Sun kuma yi sanity checks da yawa. Sun kwatanta Titan NIRSpec da MIRI spectra, sun nemi feature ɗin a Pluto,
sun duba control body inda bai kamata ya bayyana ba, kuma sun kwatanta disk center da limb na Titan domin
tambayar ko band ɗin yana fitowa daga surface region ko haze.

Abin da suka gano

Real absorption band yana bayyana a Titan. A JWST instruments biyu, Titan tana nuna absorption centered
kusan 5.113 micrometers (1956 cm−1). Feature ɗin yana da kusan 5.8% depth a NIRSpec bayanai da 7.5% a
MIRI bayanai. A NIRSpec spectrum na trailing side na Titan, width kusan 0.024 micrometers ne.

Pluto tana nuna similar feature. A MIRI spectrum na Pluto, absorption ya bayyana a kusan wavelength ɗaya.
Ya fi shallow — kusan 4.5% deep— kuma kusan sau uku broader fiye da Titan feature.

Signal ɗin da alama yana fitowa daga surface region. A Titan, band ɗin kusan rabin depth ne kusa da limb
idan aka kwatanta da disk center. Haze feature ya kamata gaba ɗaya ya ƙaru zuwa limb saboda line of sight yana
wuce haze da yawa; wannan ya yi rauni. Feature ɗin iri ɗaya kuma yana Pluto, wadda atmosphere ɗinta ya fi siriri
sosai. Tare, waɗannan facts suna nuna ground, ko wata thin condensate layer kusa da ita — ba high haze ba.

Carrier ba a gane shi ba.Marubutan sun kwatanta band ɗin da published laboratory spectra na ices da suka dace
da chemistry na Titan da Pluto. Babu wanda ya yi match da kyau. Acetylene ita ce closest provisional candidate,
amma tana da matsala: idan acetylene ce, ana tsammanin wani band kusa da 4.83 micrometers ya bayyana, amma
bai bayyana ba. Sauran candidates, ciki har da propadiene, benzene mixtures da ketene, har yanzu mai yiwuwa ne
amma ba secure ba. HCN an rule out.

Don haka amsar ba “an gano unknown substance” ba ce. Amsar ita ce: observed feature na gaske ne, likely surface-
related, kuma har yanzu bai match da known laboratory spectrum a right conditions ba.

Abin da wannan bai tabbatar ba

• Ba ya nuna exotic ko previously impossible substance. “Unidentified” yana nufin unmatched, ba supernatural
ba.

• Ba ya nuna biology. Babu wani abu a feature, setting ko interpretation na marubutan da ke goyon bayan wannan
leap.

• Ba ya tabbatar Titan da Pluto suna da exact iri ɗaya compound. Shared wavelength tana suggestive, amma
different width a Pluto na iya fitowa daga grain size, mixing, irradiation ko physical state.

• Ba ya securely identify acetylene ko wani candidate. Acetylene ita ce provisional match mafi kusa, ba final
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answer ba.
• Ba ya nufin Dragonfly mission za ta warware wannan kai tsaye. Mission na gaba zuwa Titan ba ta ɗauke da
infrared surface spectrometer da zai ga wannan band.

Yaya ƙarfin shaidar yake?

Ga existence na band, shaidar strong ne. A Titan ya bayyana a independent JWST instruments biyu, NIRSpec
da MIRI. Bai bayyana a Ganymede a wavelength ɗaya ba, abin da ke rage yiwuwar instrumental artifact. Pluto
kuma tana nuna similar absorption a MIRI spectrum nata.

Ga surface-region origin, shaidar ma yana da kyau. Center-to-limb behaviour a Titan shi ne cleanest argument:
haze feature ya kamata ya ƙaru zuwa limb, amma wannan band yana raguwa. Pluto da atmosphere mai siriri ta
ƙara goyon baya. Marubutan sun bar possibility na thin condensate layer just above Titan surface, amma wannan
ma near-surface explanation ne, ba high-atmosphere ba.

Ga chemical identification, shaidar deliberately weak ne saboda marubutan sun riƙe shi weak. Ba su ikirari secure
carrier ba. Sun jera mai yiwuwa candidates sannan suka bayyana dalilin da yasa kowanne bai cika ba. Wannan
restraint ba flaw ba ne; takardar tana yin aikinta ne.

Limits ɗin a sarari suke. Short letter ce. MIRI bayanai sun fi NIRSpec noise. Exact width na feature, musamman
a leading side na Titan da Pluto, yana buƙatar ƙarin bayanai. Laboratory spectra na candidate ices a relevant
temperatures, mixtures da radiation histories ba su cika ba. Bottleneck ba sensitivity na telescope kawai ba ne;
library da ake amfani da ita wajen saka suna ga abin da telescope ta gani ma ba ta cika ba.

Me ya sa wannan yake da muhimmanci

Outer Solar System tana cike da cold organic chemistry, amma surfaces nata suna da wahalar karantawa. Haze na
Titan yana rufe view. Pluto tana nesa kuma faint. Saboda haka ƙaramin repeated absorption band a right infrared
window yana da amfani ko kafin a san sunansa.

Yana gaya wa researchers inda za su duba. Feature a 5.11 micrometers, an gani a Titan da Pluto kuma likely tied to
surfaces ɗinsu, yana narrow problem. Laboratory chemists za su iya gwada candidate ices da mixtures. Observers
za su iya map ko band ɗin yana canzawa a disk na Titan ko surface na Pluto. Sakamakon ya zama coordinate ga
bincike na gaba.

Haka kuma yana nuna muhimmancin careful language. Public version na labarin kusan yana rubuta kansa a
matsayin “mystery.” Scientific version ya fi kyau: duniyoyi biyu suna nuna shared spectral clue, clue ɗin ya tsira
daga checks da yawa, amma dictionary ba ta da entry ɗinsa tukuna.

Wannan ba rage al’ajabi ba ne; cleaner wonder ne. Telescope ta lura da small absence of light iri ɗaya a distant
worlds biyu. Yanzu wani ya kamata ya koya wa laboratory catalogue yadda ake kiran sunansa.

4



THE CLEAN PAPER planetary science

Taƙaitaccen bayani

JWST spectra na Titan da Pluto suna nuna absorption feature kusa da 5.11 micrometers. A Titan, band ɗin yana
bayyana a NIRSpec da MIRI, depth kusan 5.8–7.5%, kuma yana rauni zuwa limb, abin da ke nuna surface-region
origin maimakon high haze. Pluto tana nuna similar feature a wavelength ɗaya, amma ya fi shallow kuma broader.
Band ɗin bai bayyana a control spectrum na Ganymede ba kuma bai match da published laboratory spectrum na
expected ices da kyau ba. Acetylene ita ce closest provisional candidate, amma companion band da ake tsammani
kusa da 4.83 micrometers bai nan. Sakamakon real, probably surface-related spectral fingerprint ne wanda carrier
ɗinsa ba a gano ba — ba shaida na exotic substance, biology ko solved chemical detection ba.

Bincike ba tare da ƙawatawa ba

Abin da takardar ta nuna: JWST ta gano real absorption band kusa da 5.11 micrometers a Titan da Pluto. shaida
strong ne cewa ba instrument artifact ba ne, kuma yana da kyau cewa yana fitowa daga surface ko very near surface.

Abin da yake yiwuwa amma ba a tabbatar ba: Carrier ordinary frozen organic compound ne a worlds biyu;
different grain size, mixing, irradiation ko physical state suna bayyana broader Pluto band; laboratory spectra a
right conditions za su gano shi a gaba.

Abin da ba ta nuna ba: Sabon exotic substance; biological signal; secure identification na acetylene ko wani
compound; proof cewa Titan da Pluto suna da exact iri ɗaya surface chemistry.

Manyan iyakoki: Short letter; noisy MIRI bayanai; incomplete laboratory spectral catalogues; babu direct iden-
tification; ƙarin JWST mapping da laboratory work suna buƙata.

Yaya yawan amincewa ya dace? Babba cewa 5.11-micrometer feature na gaske ne. Mai kyau cewa yana surface
region. Ƙarami cewa yanzu an san exactly wane compound ne. Matsayin da ya dace: well-measured clue, ba
mystery da aka sayar a matsayin discovery ba.

Majiyoyi

Bézard et al., arXiv:2606.13350 (accepted in Astronomy & Astrophysics)
https://arxiv.org/abs/2606.13350
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