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JWST Titan fi1 Pluto irratti fingerprint maqaa hin
qabne wal-fakkaataa arge

JWST spectra Titan fi Pluto surfaces irratti absorption feature dhugaa naannoo 5.11 micrometers
agarsiisu. Signal instruments independent keessatti mul’ata, atmospheric haze caalaa surface fea-
ture fakkaata, fi expected ices laboratory spectra maxxanfaman waliin hin simu. Kanaaf rakkoo
identification hin furamne dha, exotic substance evidence miti: deebiin likely ordinary frozen or-
ganic compound kan laboratory fingerprint isaa conditions sirrii keessatti ammallee hin safaramne
dha.
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Catalogue kCCSSﬂtti sarara maqaa hll’l qabne

Titan fi Pluto dubbisuun salphaa miti. Titan fuula isaa haze burtukaanaa furdaa jala dhoksa. Pluto
atmosphere baayee haphii qaba, garuu xinnaa, qabbanaa’aa fi baay'ee fagoo dha. Addunyaawwan
lamaan ofii isaanii ilaaluuf namaaf hin salphisan.

JWST, yoo xiqqaate muraasa, karaa keessa gale argate. Infrared keessatti naannoo micrometers
shanii, haze Titan window dhiphoo tokko bana; ifa fuula irraa ba'uu danda’a. Window sana keessatti
astronomers absorption amaloota xixiqgaa naannoo 5.11 micrometers argan. Amaloota wal-
fakkaataan Pluto irratti illee mul’ata.

Kun bu’aa dhugaa dha. Addunyaawwan gabbanaa'oo, fagoo, atmospheres baay’ee adda qaban lama —
ifa keessaa kutaa xixiqqaa wal-fakkaataa dhabamu.

Gosa nama hawwatu salphaa dha: Titan fi Pluto irratti “substance mystery” tokko. Gosa sirrii ammoo
caalaatti sirrii fi interesting dha. Kun spectral fingerprint safarame kan carrier isaa laaboraatoorii
speektra maxxanfaman waliin ammallee wal hin simne dha. Daataa keessatti sarara jira; catalogue
keessatti magaan amanamaan ammallee hin jiru.

Adda baasi kun murteessaa dha. Amaloota maqaa hin gabne jechuun compound ajaa’ibaa miti. Inni
spectroscopists’f rakkoo dha: ice kami, mixture kami, grain hammamtaa, radiation seenaa yookaan
laaboraatoorii haala mallattoo kana uuma?

Spectroscopy’n ice akkamitti dubbisa

Spectroscopy ifa barbaachisaa waliin wal-qunnamee booda maal irraa akka hir’ate ilaala.
Fuula incoming ifa deebisee reflect godha; molekiyuulota fi solids immoo caasaa fi fiizikaalaa
haala isaanii irratti hundaa'uun wavelengths muraasa absorb godhu. Speektrumii keessatti
wavelengths dhabaman dips yookaan bands ta’anii mul’atu.

Kanaaf speektrumii fingerprint guutuu hin taane fakkaata. Tarkaanfiin itti aanu walbira qgabuu
dha: band mul'ate fudhadhu, laaboraatoorii speektra kan filatame ices haalawwan relevant
keessatti safaraman waliin wal-bira qabi. Kan filatame tokko position, width fi companion
bands irratti wal-sime, identification argatte. Tokko illee yoo hin simne, ice jala monster hin
arganne. Fingerprint dhugaa, maqaa amanamaa hin qabne argatte.

[figure_pair pending]

Titan false-colour infrared Cassini daataa irraa, fi Pluto enhanced colour Haaraa Horizons irraa. Isaan haala
images dha, JWST barruu ragaa miti: bu'aan speektra irratti hunda'a, suuraawwan addunyaawwan lamaa kana
irratti miti.
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Barreessitoonni maal godhan

Barreessitoonni JWST speektra Titan fi Pluto fayyadamuun naannoo 4.9-5.4 micrometer keessatti
ilaalu. Titan'f NIRSpec ilaalchawwan November 2022 fi MIRI ilaalchawwan July 2023 fayyadaman.
Pluto’f MIRI ilaalchawwan May 2023 fayyadaman.

Titan galma rakkisaa ture. Atmosphere nitrogen-methane fi organic haze isaa fuula spectroscopically
ilaalu rakkisa. Teamichi speektra disk giddugala Titan biraa, fuula ifa caalaatti qulqullinaan hirmaatu,

moodeela gas fi haze opacity beekamaa gabu waliin wal-bira qabe.

Achiis waan moodeela hin ibsine ilaale. Smooth fuula speektrumii + atmospheric absorption beeka-
maan amaloota dhiphoo naannoo 5.11 micrometers hin ibsine. Barreessitoonni leftover absorption
sana Gaussian waliin fit godhanii position, depth fi width safaran.

Sanity sakattaawwan hedduu illee raawwatan. Titan NIRSpec fi MIRI speektra wal-bira gaban,
amaloota Pluto irratti barbaadan, to'annoo body irratti hin mul’anne qoratan, fi Titan disk giddugala
fi limb wal-bira qabanii band sun fuula naannoo moo haze irraa akka dhufe gaafatan.

Maal argatan

Absorption band dhugaa Titan irratti mulata. JWST instruments lamaan keessatti Titan absorp-
tion giddugala naannoo 5.113 micrometers (1956 cm~!) gaba. Amaloota NIRSpec daataa keessatti
naannoo 5.8% deep, MIRI keessatti 7.5% deep dha. NIRSpec speektrumii trailing side Titan irratti
galmaa'e keessatti width naannoo 0.024 micrometers dha.

Pluto amaloota wal-fakkaataa gaba. MIRI speektrumii Pluto keessatti absorption wavelength
jechuun ni danda’ama sanuma irratti mulata. Inni shallower — naannoo 4.5% deep — fi Titan
amaloota caalaa gara sadii yeroowwan broader dha.

Mallattoo baay’inaan fuula naannoo irraa dhufa fakkaata. Titan irratti band disk giddugala caalaa
limb bira half as deep dha. Haze amaloota ta'e limb bira caalaatti cimaa ta'uu qaba, sababni isaas
sarara of sight haze baay'ee keessa darbu. Kun ammoo dadhabaa ta’a. Amaloota wal-fakkaataan Pluto,
atmosphere baay’ee haphii qabu, irratti illee jira. Facts lamaan ground yookaan condensate layer
haphii fuula gubbaa irraa ta’'uu irratti akeeku — ol-aanaa haze irraa miti.

Carrier hin adda baafamne. Barreessitoonni band laaboraatoorii speektra ices Titan fi Pluto chem-
istry waliin relevant ta’an maxxanfaman waliin wal-bira qaban. Tokko illee gahaa hin simne. Acety-
lene kan filatame provisional isa dhihoo dha, garuu rakkoo gaba: acetylene sababaa ta'e, band biraa
naannoo 4.83 micrometers eegamu illee mul’achuu gaba; hin mul’anne. Kanneen filataman biroo
propadiene, benzene mixtures fi ketene dabalatee danda’amaa dha, garuu secure miti. HCN reject

D)

tae.

Kanaaf deebiin “unknown substance discovered” miti. Amaloota mul’ate dhugaa dha, carraan isaa
guddaa surface-related dha, garuu haalawwan sirrii keessatti laaboraatoorii speektrumii beekamaa
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tokko waliin ammallee wal hin simne.

Kun maal hin mirkaneessu

Substance exotic yookaan duraan impossible ta’e hin agarsiisu. “Unidentified” jechuun un-
matched; supernatural miti.

Baayoloojii irratti hin akeeku. Amaloota, setting yookaan barreessitoonni hiika keessaa homtuu
leap kana hin deeggaru.

Titan fi Pluto sirrii compound tokko gabu jechuu hin mirkaneessu. Shared wavelength sugges-
tive dha, garuu width Pluto irratti adda ta'uun grain hammamtaa, mixing, irradiation yookaan
fiizikaalaa haala irraa dhufuu danda’a.

Acetylene yookaan kan filatame biraa securely hin adda baasuu. Acetylene nearest provisional
match qofa.

Dragonfly kallattii ta'een kana fura jechuu miti. Mission Titan itti aanu infrared fuula spectrome-
ter band kana argu hin baatu.

Ragaan hammam cimaa dha?

Band jiraachuu isaa irratti ragaa cimaa dha. Titan irratti JWST instruments walaba lama, NIRSpec fi
MIRI keessatti mul’ata. Ganymede irratti wavelength sanuma keessatti hin mul’anne; kun instrumen-
tal artifact ta'uu dadhabsiisa. Pluto illee MIRI speektrumii isaa keessatti absorption wal-fakkaataa
gaba.

Surface-region origin irratti ragaa gaarii dha. Center-to-limb amala Titan argument qulqulluu dha:
haze amaloota limb bira cimuun eegama, garuu band kun dadhabaa ta’a. Atmosphere Pluto baay’ee
haphii ta'uun hiika sana deeggaru. Barreessitoonni condensate layer haphii fuula Titan gubbaa
ta'uu danda’a jedhanii bakka xiqqoo dhiisu; garuu sunis near-surface explanation dha, ol-aanaa
atmosphere miti.

Chemical identification irratti ragaa deliberately dadhabaa dha, sababni isaas barreessitoonni ofu-
maan akkasitti dhiyeessu. Secure carrier hin himannaa godhan. Kanneen filataman amansiisaa tar-
reessanii maaliif tokko tokko incomplete akka ta’e ibsu. Of-eeggannoon kun flaw barruu miti; barruu
hojii isaa sirriitti hojjechuu dha.

Daangaan ifaa dha. Letter gabaabaa dha. MIRI daataa NIRSpec caalaa noise gaba. Sirrii width
amaloota, keessumaa leading side Titan fi Pluto irratti, daataa dabalataa barbaada. Laaboraatoorii
speektra kan filatame ices temperatures, mixtures fi radiation histories relevant keessatti incomplete
dha. Bottleneck telescope sensitivity qofa miti; library maqaa fingerprint sana ittiin kennan illee
incomplete dha.
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Maaliif barbaachisaa dha

Outer Solar Sirna organic chemistry qabbanaa’aa baay’ee qaba, garuu fuulota isaa dubbisuun rakkisaa
dha. Haze Titan view hedduu cufa. Pluto fagoo fi dim dha. Kanaaf absorption band xixiqqaa, irra
deebi'ee mul'atu, infrared window sirrii keessatti argamu, maqgaa hin qabne ta'us faayidaa qabu dha.

Qorattootaaf eessa akka ilaalan hima. Amaloota 5.11 micrometers Titan fi Pluto lamaan irratti
mul’atee, carraan isaa guddaa fuulota waliin wal gabate, rakkoo dhiphisa. Laaboraatoorii chemists
kan filatame ices fi mixtures qorachuu danda'u. Observers band Titan disk yookaan Pluto fuula
irratti akkamitti jijjiiramu kaartaa gochuu danda’u. Bu'aa fuuldura hojii’f coordinate ta’a.

Akkasumas maaliif careful afaan barbaachisu agarsiisa. Ummataaf banaa gosa seenaa kanaa
“mystery” jechuun ofumaan barreessa. Saayinsawaa gosa caalaatti gaarii dha: addunyaawwan lama
spectral clue tokko qooddatu; clue sakatta'awwan hedduu keessa darba; garuu dictionary keessatti
magaan isaa hin jiru.

Kun wonder xiqqeessuu miti. Wonder qulqulluu dha. Telescope tokko addunyaawwan fagoo lama
irratti ifa keessaa dhabamuu xixiqqaa wal-fakkaataa argate. Amma laaboraatoorii catalogue magaa
isaa barachuu gaba.

Cuunfaa gabaabaa

JWST speektra Titan fi Pluto absorption amaloota naannoo 5.11 micrometers agarsiisu. Titan irratti
band NIRSpec fi MIRI daataa lamaan keessatti mul’ata, naannoo 5.8-7.5% deep dha, limb bira dad-
habaa ta’a; kun ol-aanaa haze caalaa surface-region origin irratti akeeka. Pluto wavelength sanuma
irratti amaloota wal-fakkaataa, shallower fi broader qaba. Ganymede to’annoo speektrumii keessatti
band hin jiru; eegamu ices laaboraatoorii speektra maxxanfaman waliin identification gahaa hin ar-
ganne. Acetylene kan filatame provisional isa dhihoo dha, garuu companion band 4.83 micrometers
irratti eegamu dhabame. Buaan spectral fingerprint dhugaa, carraan isaa guddaa surface-related,
carrier isaa unidentified dha — exotic substance, baayoloojii yookaan solved chemical detection ra-
gaa miti.

Sakatta’a ifaa

barruun maal agarsiisa: JWST Titan fi Pluto irratti absorption band dhugaa naannoo 5.11 microm-
eters argate. Amaloota instrumental artifact miti jechuun ragaa cimaa; fuula yookaan near-surface
irraa dhufa jechuun ragaa gaarii.

Wanti amansiisaa garuu hin mirkanoofne: Carrier organic compound gabbanaa’aa idilee addun-
yaawwan lamaan irratti jiru; grain hammamtaa, mixing, irradiation yookaan fiizikaalaa haala adda
ta'uun Pluto band broader ibsa; laaboraatoorii speektra haalawwan sirrii keessatti booda adda baa-
suu.
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Wanti hin agarsiifne: Substance exotic haaraa; biological mallattoo; acetylene yookaan compound
biraa secure identification; Titan fi Pluto sirrii fuula chemistry tokko gabaachuu isaanii.

Daangaa ijoo: Letter gabaabaa; MIRI daataa noise gaba; laaboraatoorii spectral catalogues incom-
plete; kallattii identification hin jiru; JWST kaartessuu fi laaboraatoorii hojii dabalataa barbaachisa.

Dubbisaan waliigalaa hammam amanuu qaba? Amaloota 5.11-micrometer dhugaa ta'uu irratti
amantaa guddaa. Fuula naannoo irraa ta'uu irratti gaarii. Compound maal akka ta'e irratti amantaa
gadi-aanaa. Stance sirrii: clue sirriitti safarame, mystery discovery ta'ee gurgurame miti.
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