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DESI ta gina ma’aunin cosmic mafi kaifi — da wani
“maybe” mai taka-tsantsan game da dark energy

DESI ta auna expansion history na universe da baryon-acoustic ruler mafi precise har yanzu, daga objects
miliyan shida. Ita kaɗai tana agree da standard model inda dark energy constant ce. Sai idan aka haɗa
DESI da CMB da supernova sample ne preference ga evolving dark energy ke bayyana— 2.6σ zuwa 3.9σ
bisa wane supernovae aka ƙara, ƙasa da discovery threshold kuma sensitive ga paired data. Tambaya ta
gaske da aka sa ta precise, ba amsa ba.
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Ma’aunin sararin samaniya da aka yi da sauti

A farkon universe, kafin taurari su wanzu, hot plasma na ordinary matter da light ya yi kama da abu da ke ringing.
Pressure waves suna yawo a cikinsa da fiye da rabin speed of light, har universe ya yi sanyi sosai atoms suka fara
samuwa kuma ringing ya tsaya — ya bar faint preferred distance a distribution na matter. Wannan nisan, sound
horizon, yanzu kusan 150 megaparsecs ne (roughly 490 million light-years), kuma yana bayyana a matsayin slight
excess na galaxies da ke rabuwa da wannan span, a directions da epochs daban. Cosmologists suna kiransa baryon
acoustic oscillation (BAO) kuma suna amfani da shi a matsayin standard ruler: auna yadda frozen scale ɗin yake
bayyana a sky a distances daban, sannan a chart yadda universe ya expanded a history ɗinsa.

Dark Energy Spectroscopic Instrument (DESI) an gina shi ne domin ya auna wannan ruler fiye da kowa. na
farko bayanai release ɗinsa yana map BAO scale a galaxies, quasars da Lyman-alpha forest na distant gas clouds
— objects fiye da miliyan shida, a redshift bins bakwai daga z = 0.1 zuwa 4.2. Domin human expectation kada ta
shafi sakamako, team ɗin ta gudanar da nazari blind, ta ɓoye cosmological answer daga kanta har methods sun
kulle. Wannan, da tazara mai yawa, BAO measurement mafi precise da aka taɓa yi ne.

DESI tana kan Nicholas U. Mayall 4-metre Telescope a Kitt Peak, Arizona. Instrument ɗin yana ciyar da
thousands na optical fibres zuwa spectrographs, yana juya positions a sky zuwa spectra da redshifts ga
millions na galaxies da quasars.

KPNO/NOIRLab/NSF/AURA/P. Marenfeld CC BY 4.0
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Menene DESI

Dark Energy Spectroscopic Instrument spectrograph ce a Nicholas U. Mayall 4-metre telescope a Kitt
Peak, Arizona. Ba ta “ganin” dark energy kai tsaye — babu abin da zai iya, domin dark energy ba ta fitar
da light. Maimakon haka tana record spectra na kusan galaxies da quasars 5,000 lokaci guda, tana karanta
redshift na kowane object daga yadda expansion na universe ya stretch light ɗinsa, sannan ta gina 3D map
na millions. Daga nan ake infer dark energy daga yadda map ɗin ya nuna cosmic expansion yana canzawa
da lokaci. Don full chain daga robotic fibres zuwa acoustic ruler, duba How DESI works.

kanun labarai da ya fi yawo daga wannan sakamako shi ne dark energy watakila ba constant ba ce — mysterious
thing da ke accelerate expansion na universe na iya raunana da lokaci, tana karya standard cosmological model.
Wannan ikirari ba invented ba ne, amma yana da sauƙin over-read. Honest version ya fi specific: DESI ruler ɗin
kanta, ita kaɗai, tana agree da standard model. Hint na sabon abu yana bayyana ne kawai idan aka haɗa
DESI da other bayanai — kuma strength ɗin hint ya dogara da wane other bayanai aka zaɓa.

DESI baryon-acoustic ruler ita kaɗai consistent ce da constant dark energy (cosmological constant). Preference ga
evolving dark energy yana fitowa ne kawai idan DESI aka haɗa da cosmic microwave background da supernova
sample — kuma strength ɗinsa yana canzawa da wane supernova sample aka yi amfani da shi.

Standard ruler, da hanyoyi biyu da dark energy za ta iya canzawa

BAO scale standard ruler ce: saboda mun san true length ɗinta daga physics na early universe, comparing
true length da apparent size a given distance yana gaya mana yadda universe ya expanded zuwa wannan
lokaci. Idan aka auna a distances da yawa, ruler ɗin tana bin entire expansion history— abin da dark energy
ke sarrafawa.
A standard model, ΛCDM, dark energy cosmological constant ce: fixed energy density na empty space
da ba ta canzawa. Physicists suna label behaviour ɗinta da “equation-of-state” parameter w, wanda ga true
cosmological constant yake exactly −1 ko’ina da ko yaushe.
Don gwada wannan za a iya sassauta samfurin ya hanyoyi biyu. Mafi mai sauƙi, a bar w ya zama wani
constant daban — wCDM. Mafi rich, a bar w ya canza yayin universe yana expand, da numbers biyu:
w0, value ɗinsa today, da wa, yadda yake drift. Wannan w0waCDM model yana komawa ΛCDM a point
w0 = −1, wa = 0. Preference ga w0 greater than −1 tare da wa negative shi ne “evolving dark energy” a
nan: dark energy da ta fi repulsive a past kuma tana easing off now.

Abin da marubutan suka yi

• Sun auna BAO scale daga na farko year na DESI — galaxies, quasars da Lyman-alpha forest — objects fiye
da miliyan shida a redshift bins bakwai, 0.1 < z < 4.2.

• Sun gudanar da nazari blind, suna ɓoye cosmological sakamako har methodology ta kulle, domin rage confir-
mation bias.

• Sun fit standard flat ΛCDM model ga DESI BAO alone, sannan tare da big-bang-nucleosynthesis prior da
CMB daga Planck da ACT.

• Sun faɗaɗa samfurin ya hanyoyi biyu: constant dark-energy w (wCDM), da time-varying w0wa (w0waCDM).
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• Sun gwada time-varying samfurin ya haɗa DESI+CMB da type-Ia supernova compilations uku daban —
Pantheon+, Union3, DES-SN5YR — maimakon zaɓar ɗaya kawai.

• Sun sa limits ga summed neutrino mass, sannan suka duba yadda limits ɗin ke motsa idan dark-energy back-
ground aka bari ya bambanta.

Abin da suka gano

• DESI BAO alone consistent ne da standard model.Matter density Ωm = 0.295± 0.015, kuma idan dark
energy aka bari da constant w, w = −0.99+0.15

−0.13 — a kan cosmological-constant value −1.
• Tare da CMB da lensing, DESI tana ba Ωm = 0.307± 0.005 da Hubble constantH0 = 67.97± 0.38 km s−1

Mpc−1 (68.52± 0.62 idan an haɗa nucleosynthesis da CMB acoustic scale).
• A time-varying model, combinations suna prefer evolving dark energy — w0 > −1 da wa < 0. Pref-
erence ɗin 2.6σ ga DESI+CMB, sannan da supernova sample ya zama 2.5σ, 3.5σ ko 3.9σ ga Pantheon+,
Union3 ko DES-SN5YR. Sigma yana nuna nisan sakamako daga standard-model expectation; 5σ convention
ne na claimed discovery, kuma ko 5σ ba guarantee ce interpretation daidai ba — guide.

• Idan aka bar summed neutrino mass free, bound ya yi tight — ƙasa da 0.072 eV (95% confidence) ga
DESI+CMB — amma takardar ta bayyana wannan bound yana loosen sosai idan dark-energy background
aka bari ya kauce wa ΛCDM.

Abin da wannan bai tabbatar ba

• Ba ya nuna dark energy tana evolving. DESI ruler alone consistent ce da cosmological constant; hint na
evolution yana fitowa ne a combined fits, kuma a richer two-parameter model.

• Ba ya nufin “ΛCDM ta mutu” ko “Einstein ya yi kuskure.” Strongest number, 3.9σ, yana ƙasa da 5σ discovery
convention — standard model kuma yana fit DESI alone da kyau.

• sakamako ba sample-independent ba ne. Canza supernova compilation yana motsa significance daga 2.5σ
zuwa 3.9σ—fiye da full sigma. Signal da size ɗinsa ya dogara haka da external dataset hint ne da ya cancanci
a bi, ba measurement da za a bank ba.

• DESI-alone lean zuwa w0 > −1 yana partly driven da single anomalous point — redshift-0.51 galaxy bin
da ya ɗan yi high against ΛCDM. Amma takardar ta gwada wannan: ta treat point ɗin a matsayin statistical
fluctuation, kuma replacing all DESI low-redshift (z < 0.6) measurements da older SDSS ones bai canza
dark-energy sakamako ba. Odd point yana jan DESI alone, amma ba ya tallafa combined hint. Wannan
caveat a zahiri yana ƙara confidence cewa team ɗin ta stress-test sakamako.

• Neutrino-mass limit ba model-independent verdict ba ne. Yana tight idan background expansion an riƙe
ΛCDM; idan aka relax model, bound ma yana relax.
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Yaya ƙarfin shaidar yake

• Very strong a matsayin distance measurement. BAO ruler ɗaya ce daga cleanest tools a cosmology, DESI
measurement mafi precise ne har yanzu, blind nazari kuma safeguard ne mai kyau against confirmation bias.

• Genuinely intriguing amma ba decisive a dark-energy ikirari ba. 2.6σ daga DESI+CMB, yana tashi
zuwa 3.9σ da most constraining supernova set, irin sakamako ne da ya cancanci more telescope time — ba
overturning standard model ba. Babban dalilin caution shi ne spread tsakanin supernova samples; marubutan
kuma sun nuna most anomalous BAO point ba shi ke drive sakamako ba.

• Takardar ta yi taka-tsantsan: ta ruwaito significance ta ways uku maimakon ta ɗauki largest number, ta kuma
flag model-dependence na neutrino sakamako. Overreach yana fi fitowa a retelling, ba takarda ba.

Me ya sa wannan yake da muhimmanci

Shekaru kusan 25, “dark energy” da “cosmological constant” an kusan amfani da su a matsayin synonymous,
saboda measurements duk sun dace da w na exactly −1. DESI ita ce dataset ta farko mai precision da, idan aka
haɗa da others, za ta iya tambaya ko −1 yana drift — kuma ta samu answer da ba flat no ba. Wannan real shift
ne a abin da bayanai za ta iya yi, shi ya sa sakamako ya cancanci attention. Amma precision ɗin ɗaya ne ke nuna
conditional nature na hint: yana alive a wasu combinations, quiet a wasu, kuma musamman sensitive ga wane
supernova catalogue aka haɗa.

Posture da ya dace ba dismissal ko revolution announced early ba ne. Shi ne a kalli next larger DESI release da
independent supernova samples, a ga ko drift ɗin zai firm up ko fade. Wannan ne genuine “maybe” a cosmology
yake kama, kuma ya cancanci a ruwaito shi a matsayin maybe.

Taƙaitaccen bayani

DESI ta auna expansion history na universe da baryon-acoustic ruler mafi precise da aka taɓa gina, daga objects
miliyan shida. Ita kaɗai, ruler ɗin tana agree da standard model inda dark energy constant ce. Idan aka haɗa DESI
da CMB da supernova sample, preference ga dark energy da ke canzawa da lokaci yana bayyana — 2.6σ zuwa
3.9σ, bisa wane supernova bayanai aka ƙara. Wannan real, interesting hint ne, ba discovery ba: yana ƙasa da
discovery threshold kuma yana motsa da dataset da aka pair. Dark energy na iya evolving. DESI ta sa tambayar
ta zama precise — har yanzu ba ta amsa ta ba.
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Majiyoyi

DESI Collaboration, arXiv:2404.03002 (published in JCAP
https://arxiv.org/abs/2404.03002

DESI Collaboration, JCAP 02 2025 021, DOI 10.1088/14757516/2025/02/021
https://doi.org/10.1088/1475-7516/2025/02/021
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