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Ýòàïû ýâîëþöèè Âñåëåííîé

Âñå ýòè ñòàäèè îòðàæàþòñÿ íà êàðòå Planck!



Ýòàïû ýâîëþöèè Âñåëåííîé
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Ýïîõà ðåêîìáèíàöèè

I Âñåëåííàÿ âïåðâûå ñòàëà ïðîçðà÷íîé äëÿ ñâåòà ïîñëå
ðåêîìáèíàöèè ïðîòîíîâ è ýëåêòðîíîâ

I Âîçðàñò: 380 òûñÿ÷ ëåò
I T = 2700 Ê
I λ ∼ 1.8µm

I Íàáëþäàåìîå ìèêðîâîëíîâîå èçëó÷åíèå - ðåëèêò òîé ýïîõè

I ñåé÷àñ T = 2.7 K, νmax = 160 GHz , λ = 1.873 mm
I äëÿ ñðàâíåíèÿ: ìèêðîâîëíîâêà 2.5 GHz , GSM ñâÿçü 1.8 GHz

I Ìèêðîâîëíîâîå èçëó÷åíèå àíèçîòðîïíî
I ôîòîãðàôèÿ ýïîõè ðåêîìáèíàöèè

áîëåå òî÷íî: ðàäèîãðàììà Âñåëåííîé
I ëèíçèðîâàíèå ñêîïëåíèÿìè ãàëàêòèê
I ðàçìûòèå çà ñ÷åò íåîäíîâðåìåííîñòè ðåêîìáèíàöèè
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Ñïóòíèê Planck
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Ñïóòíèê Planck

I Ïðèöèïèàëüíàÿ ñõåìà: çåðêàëî + íàáîð ðàäèîàíòåíí ñ
óçêîé äèàãðàììîé íàïðàâëåííîñòè, íàñòðîåííûõ íà ðàçíûå
÷àñòîòû

I Äâà ïðèáîðà:
I LFI - Low Frequency Instrument (30, 44, 70 GHz), îõëàæäåí

äî 20 Ê (He-4)
I HFI - High Frequency Instrument (100, 144, 217, 353, 545,

857 GHz), îõëàæäåí äî 0.1 Ê (He-3)

I Óãëîâîå ðàçðåøåíèå äî 5' (HFI)

I Ðàñïîëîæåí â Ëàãðàíæåâîé òî÷êå íà îðáèòå âîêðóã Ñîëíöà

I Èçìåðÿåò êàðòó íåáà çà 6 ìåñÿöåâ

I Äàòà ñòàðòà: 14 ìàÿ 2009 ã.

I Ñåé÷àñ ìèññèÿ HFI çàâåðøèëàñü, LFI äî êîíöà ãîäà
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Ïóáëèêàöèÿ äàííûõ: 21 ìàðòà 2013 ã.

Ñàìîå îæèäàåìîå ñîáûòèå â êîñìîëîãèè â 2013 ã.

I Äàííûå çà 15 ìåñÿöåâ íàáëþäåíèÿ (ïðèìåðíî ïîëîâèíà).

I Ïðåññ-ðåëèç:
http://spaceinvideos.esa.int/Videos/2013/03/Replay_of_Planck_media_

brie�ng_-_Part_2

I 29 íàó÷íûõ ïóáëèêàöèé (æóðíàë A&A), http://www.sciops.esa.
int/index.php?project=PLANCK&page=Planck_Published_Papers

arXiv:1303.5062 - arXiv:1303.5089
I Êàðòû äîñòóïíû äëÿ ñêà÷èâàíèÿ http://www.sciops.esa.int/index.

php?page=Planck_Legacy_Archive&project=planck

I êàðòû äëÿ êàæäîãî ÷àñòîòíîãî äèàïàçîíà
I êîìïîíåíòíûå êàðòû: òåìïåðàòóðà CMB, ãàëàêòè÷åñêîå

èçëó÷åíèå ðàçíîé ïðèðîäû
I êàòàëîã òî÷å÷íûõ èñòî÷íèêîâ
I êàæäàÿ êàðòà 50 ìëí. ïèêñåëåé (600 Mb)
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9 ÷àñòîòíûõ êàðò
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9 ÷àñòîòíûõ êàðò
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Èòîãîâàÿ êîìïîíåíòíàÿ êàðòà CMB

Ã.È. Ðóáöîâ Ïåðâûå ðåçóëüòàòû ñïóòíèêà Planck 11



Ñðàâíåíèå ÷óâñòâèòåëüíîñòè ñ WMAP



Ôèçè÷åñêàÿ èíôîðìàöèÿ â êàðòå CMB

I Èíôîðìàöèÿ î ïåðâè÷íûõ âîçìóùåíèÿõ ïëîòíîñòè

I Èíôîðìàöèÿ î ñîñòàâå ïëàçìû äî ýïîõè ðåêîìáèíàöèè

I Èíôîðìàöèÿ î ôîðìèðîâàíèè ñêîïëåíèé ãàëàêòèê
(ãðàâèòàöèîííîå ëèíçèðîâàíèå)

Îòïå÷àòîê êàæäîé ýïîõè: îò ñàìûõ ðàííèõ äî
íåäàâíåãî âðåìåíè
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Ñïåêòð ìîùíîñòè àíèçîòðîïèè òåìïåðàòóðû CMB
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Ñîñòàâ Âñåëåííîé (ìîäåëü ΛCDM)
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Êîñìîëîãè÷åñêèå ïàðàìåòðû

I H0 = 67.3± 1.2 km/s/Mpc - ïîñòîÿííàÿ Õàááëà

I Ωb = 0.0487± 0.0006 - îòíîñèòåëüíàÿ ïëîòíîñòü áàðèîíîâ

I ΩCDM = 0.2647± 0.0060 - îòíîñèòåëüíàÿ ïëîòíîñòü
õîëîäíîé òåìíîé ìàòåðèè

I ΩΛ = 0.6825± 0.020 - òåìíàÿ ýíåðãèÿ

I ns = 0.9603± 0.0073 - ñïåêòðàëüíûé èíäåêñ äëÿ ïåðâè÷íûõ
ñêàëÿðíûõ âîçìóùåíèé

I Neff = 3.30± 0.27 - ýôôåêòèâíîå ÷èñëî íåéòðèíî

I r0.002 < 0.11 - òåíçîðíî/ñêàëÿðíîå îòíîøåíèå

Ìîäåëü ΛCDM ïîäòâåðæäàåòñÿ ñ õîðîøåé òî÷íîñòüþ, íî íå
ïîÿâèëîñü óêàçàíèé íà ïðèðîäó òåìíîé ìàòåðèè è òåìíîé
ýíåðãèè.
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Àíîìàëèè: àâòîãðàô Ñòèâåíà Õîêèíãà íà êàðòå WMAP
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Àíîìàëèè: àâòîãðàô Ñòèâåíà Õîêèíãà íà êàðòå Planck
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Àíîìàëèè: õîëîäíîå ïÿòíî, ðàçëè÷èå ïîëóøàðèé

Ñåâåðíîå è þæíîå ïîëóøàðèÿ (îòí. ýêëèïòèêè) èìåþò ðàçíóþ
ñðåäíþþ òåìïåðàòóðó è ðàçíûé ñïåêòð ìîùíîñòè.
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Àíîìàëèè: íåäîñòàòîê ìîæíîñòè íà l=20-40
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Åñòü ëè àíîìàëèè?

I Âñåëåííàÿ íå òàêàÿ îäíîðîäíàÿ íà áîëüøèõ
ìàñøòàáàõ, êàê ïðåäñêàçûâàåò òåîðèÿ?

I Àíîìàëèè îáðàçîâàëèñü â ðåçóëüòàòå
ñëó÷àéíûõ ôëóêòóàöèé?
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Ãðàâëèíçèðîâàíèå íà êðóïíîìàñøòàáíîé ñòðóêòóðå

Mollweide view

Íîâûé ðåçóëüòàò: èç íåãî ìîæíî ïîëó÷èòü èíôîðìàöèþ îá
îáðàçîâàíèè ñâåðõñêîïëåíèé



Ïåðâûå òðè ïèêîñåêóíäû

I Äàííûå Planck ñîãëàñóþòñÿ ñ ïðåäñòàâëåíèåì, ÷òî
ïåðâè÷íûå âîçìóùåíèÿ ïëîòíîñòè âîçíèêëè èç êâàíòîâûõ
ôëóêòóàöèé ñêàëÿðíîãî ïîëÿ. Ïîêà ÷òî ìû íè÷åãî íå
çíàåì îá ýòîì ïîëå.

I Planck âïåðâûå ïîêàçàë, ÷òî ns < 1, ÷òî ìîæíî ñ÷èòàòü
ïåðâûì èçâåñòíûì ôàêòîì î ãåíåðàöèè ïåðâè÷íûõ
âîçìóùåíèé

I Ïåðâè÷íûå ãðàâèòàöèîííûå âîëíû íå âèäíû íà
ñóùåñòâóþùåì óðîâíå ÷óâñòâèòåëüíîñòè

I Íåãàóññîâîñòü, ÿâëÿþùàÿñÿ ñëåäñòâèåì íåêîòîðûõ
ìîäåëåé, îãðàíè÷åíà â 10 ðàç ñèëüíåå, ÷åì ðàíüøå



Îãðàíè÷åíèÿ íà ìîäåëè èíôëÿöèè
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Ïåðñïåêòèâû èññëåäîâàíèé

I Â ñëåäóþùåì ãîäó îæèäàåòñÿ ðåëèç äàííûõ ïî
ïîëÿðèçàöèè CMB. Âîçìîæíîñòü óâèäåòü ïðîÿâëåíèå
ðåëèêòîâûõ ãðàâèòàöèîííûõ âîëí.

I Âñå îòâåòû Ïëàíêà ÿâëÿþòñÿ âîïðîñàìè:
I Êàêîâ ìåõàíèçì ãåíåðàöèè ïåðâè÷íûõ âîçìóùåíèé?

Èíôëÿöèÿ, êîíôîðìíîå ñêàòûâàíèå (V.A.Rubakov, JCAP
0909 (2009) 030), äðóãèå ìåõàíèçìû?

I Êàêèå ïîëÿ çà ýòî îòâå÷àþò? Ìîæíî ëè èõ ïðîÿâëåíèå
óâèäåòü íà LHC èëè â àñòðîôèçè÷åñêèõ ýêñïåðèìåíòàõ?

I Ñóùåñòâóåò ëè íåãàóññîâîñòü âîçìóùåíèé ïëîòíîñòè?

I Ïðèðîäà òåìíîé ìàòåðèè, òåìíîé ýíåðãèè? Ïðÿìûå
ïîèñêè, êîñâåííûå ïðîÿâëåíèÿ â àñòðîôèçèêå?
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