Ast 207 F2000

Weighing the Universe with Supernovae.

Discovery of Dark Energy/ Cosmological
Constant—9 Dec
Final exam
— Covers enfire course wath emphasis on 2% cenfury cosmolozy (Oct 28 to
end of term, Hud T-10)
— Oma 8.5%117 cheat shest
— Mon, 14% 3:00-5:00, 1410 BPS (larze classroom next door)
Pleaze fill oot on-line SOCT http:/rateyvourclazs msu. edu
— Wil close when zrades are subnutted.
Last class: Review

Weighing the universe means to find mass density
What we will find: Expanszion of universe speeds up!
— “Diark enerey™ 13 donunant. Dark energy repulsss whereas matter and
radiation attract Ask 20T F2009

Supernova

+« A Tvpe Il supemova 13 a2 massmve star that
explodes when it nms out of fuel and
pressure 13 maufficient to counter gravaty.
« A Tvpel supemnova 15 2 white dwarf that
5.
— A WD and giant orbit each other.
— DNlzzz moves from the mant to the W
— WD explode: when it getz 50 nmach mass from
longzer oppose ETEVILY.
+ Type ] supemorae are “standard candles.”
Til.E].’hE’;’EthE!-ﬂ]]lElmjnnﬂ-ﬂ}'.
* How to find supernovae
— Look at many galawie:
— Look again Iater. Find objects that wers not
there earliar. Distant supermovae

Riass &l al, 2004, Apd &07, BES.

ALE 20T F2009
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Weighing Universe

Principle for astrononueal weizhing:

— Define a motion

— Time the motion

— Ifthe motion takes longer, the maz: iz less,
Consider a big sphere cenferad on us, which confams many galaxes
Mazz maide zphere pulls on galaxy & zlows expansion.

Prazent speed & present distance are fixad by Hubble's Law.

To find mass denzity of the universe, measore the time 1t takoes for the
U to expand by a factor of 2 by | at galaxies for which the
wavelensth has expanded by a factor of 2. {Other factors are OK too.)
Consider now & time when radms of sphere 1z 32 t radius. If the
time to expand by a factor of 2 1= long, the mass iy of the U1
low.

gal

AsE 20T F2009

2

When the U was ha]fﬂfﬂ;ﬁ;:iﬂeuiaig& a
-am a galaxy enm some lizht,
“E'f. non

ch we sea What do we measurs to

determune that the 1T was half ifs present s17e
when the hizht was ermttad?
A Meazure fhox of supemora.
E. Ml=zasure fhox of zalaoy.
C. Meazure wavelensth of a spactral line emitted
In a unrverse with a higher mass density, the
supernova will be
A brizhear
E. zame
C. fainter
Ideas:
- 7 would the b of a SN da ot
e -
—  Fhex=Luminozity / Distance”. Distant supermovae
—  What affects distance to ST
—  If tirme for U to expand &= shorter, distance is
shorter
Distance = time = speed of ljght .o

Riass of al 2004, Apd EOT, BEL.
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Observations

Diztant 5N from Riess et al 1008,
ApT 116, 1002, MNearby 51 from
sevaral surveys.

O upper plot, nearast 51 is at

. upperrizht

b lower l=ft

For the most distant 53, the

wavel of light has mncreazad by a
factor of __ simce the SN emitted it
A4 100

B. 05

C. 0.5

D 001

E 1

Ideaz
- %ﬁ:ﬂﬂﬁmnﬂepﬂm'efm
SN,
— Expersion parameter
=DD,.
—  Redshift a=1{1+z)

2= 0T b Ask 207
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Observations

Lower plot compares datato a
modal with density parameter
N=PEEE=02
Dhstant SN are 20% fanter than
modsa] with £2=02.
Dhztant 8 are 13% fainter than
msodal wath £ =0
— Longsr time to expand than for a
umlverse having no mazs at all!
— Shomer time means axpansion
slowed down; loner tme mean:
expanzion sped up.
Emstein (about 1920): I thought
of 2 kimd of stuff where gravaty
repels.
Thomas Hardy- “Thousgh a good
deal 15 too strange to be believed,
nothine = too stranse to have
happenad.”
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