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Weighing Univ.: Timing Expansion
of Universe—28 Nov  galaxy

» “Though agood deal istoo strange to
be believed, nothing istoo strange to
have happened.” Thomas Hardy

e How to weigh universe

— Massin alarge sphere surrounding us
pulls on agalaxy on the surface

— Measure how much the galaxy slows.
— Use supernovae
* What we will find: Galaxies speed up!

— “Dark energy” is repulsive whereas matter
and radiation are attractive.

Distant supernovae

Riess et al, 2004, ApJ 607, 665.
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If the motion takes

longer, the massiis less.
e Method for astronomical weighing:
— Defineamotion
¢ Universe expands by afactor of 2, froma=1/2to 1.
— Timethemotion: 2?
— If the motion takes longer, the massisless. ©
» Useaproxy: Supernovain agalaxy on surface of abig
sphere centered on us. galaxy
—  Sphere contains many galaxies
— Isa“fair" sample of the Universe.
— Massinside sphere pulls on galaxy & slows expansion. a=
—  Present speedv,,,,, & present distance R, are fixed by Hubble's
Law,v=HR.
1. Assume massinside sphereislarge.
a WhenR=12R,,, ,wasvV larger, same, or smaller thanv,,,,?

b. Istimefor U to expand by afactor of two larger, same, or
smaller? Ast 207 F2005
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Timing the motion

Method for astronomical
weighing:
— Defineamotion

* Universe expands by afactor of
2, froma=1/2to 1. nnlnvuI v
— Timethemotion © s ! ow |
— If themotion takes longer, the 2, | Weoo01 |y
massisless. g \
* For agreater massdensity, the  +- 0. 6271
timefor U to expand by afactor 5 \ ‘
of two is smaller, because 0.4 !
gravity isabigger effect: proxy é i :
galaxy must have beenmoving - ¢, 2 Time f 'r:'gm
fasterinthe past for ittohave 2 | | foregehus
slowed to its present speed. o Wl
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Timing the motion with galaxy
supernovae

¢ Method for astronomical weighing:
—  Defineamotion

*  Universe expands by afactor of 2, from
al/2to1.

—  Timethemotion ©

— If the motion takes longer, the massis I
less. X X nalavv
«  For agreater mass density, the time for U 1
to expand by afactor of two issmaller, = Now 1
because gravity is abigger effect: proxy
jalaxy must have been moving faster in % 0. gl k0001 |\
the past for it to have slowed to its o
) present speed. ) ) S as
*  Proxy isTypel supernovain adistant 0.6 ~ \
galaxy. 5 ‘
—  Typel supernovae have same luminosity o 0. 4 f
2. If wewant the motion to be expansion §
by afactor of 2, weneed asupernova = g 5
with redshift z= _g |
«  If supernovais brighter, then distance is o W=y

less, and time is shorter, and mass

density of U is greater. Ast 207 E2005 -1 -0.8-0.6-0.4-0.2 0
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Timing the motion with galaxy
supernovae

Method for astronomical weighing:
—  Defineamotion

«  Universe expands by afactor of 2, from
a=l/2to 1.

—  Timethemotion ©

.

—  If the motion takes longer, the massis
Ies‘ ) . nnl:\y\lI v
. Proxy is Type | supernovain adistant 1 —
galaxy. z Now
- Typel supernovae have sameluminosity 2 () g|  W0.001
2. If wewant themotionto beexpansion ¢
by afactor of 2, we need a supernova @ azth
with redshiftz = 1. 0.6 .
»  Cdibrate SN at small zwherethereis  © ‘
little dependence on W. T0.4
3. Supposeyou discoveredaSN at z=2and &
found it to be faint. ThenisWhbigger or 4 0-2
smaller. What on the graph gaveyou the 5 / — e
answer? 0
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