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Abstract
Taking data from the Supernova Cosmology group at Berkley, we are able to

expand their project to three dimensions by adding a radiation parameter to the total
energy density of the universe. Using type 1la Supernova as standard candles (objects of
known absolute magnitude), we are able to calculate their luminosity distance and hence,
avalue for the deceleration parameter (go). Doing ac? contour plot of goas afunction of
the parameters of the energy density, omega matter (Wi,,). omega radiation (W), and
omega vacuum (W), we get a “best fit” to our data. Unlike both the Supernova
Cosmology Group and last year’s candidate, Jason Farris, we are not constraining W, to

be unity (aflat universe). We ended up with severa models that are a good fit to the

standard model of the universe.

' The guantity W, © r /r ., wherer , is the present mass density of the Universe, and r  is the critical
density, r.© 3H,7/8pG = 1.88410-29h2gcm-3



1 Background Cosmology

1.1 Type la Supernova

Type 1la Supernova occur in binary star systems involving a main sequence star and a
white dwarf, the end product of a main sequence star. The white dwarf issmaller in size,
but is more dense and therefore more massive than the main sequence star. The white
dwarf will pull material from its orbiting companion until it reachesit’s critical mass,
known as the Chandrasehkar Limit; at which point the dwarf violently explodes as a
supernova. Type la Supernova are characterized by the presence of silicon linesin their
spectra.

1.2 Standard Candles

A standard candle is a very useful class of objects in which thereis acertain intrinsic
brightness that links them all together; or in other words, once the luminosity of one
nearby standard candle is known, the luminosity of all the other members of the same
classisknown. From this known luminosity, we can easily calculate the distance to these
objects, which is quite possibly the most difficult variable to determine in astronomy
today.

13 W,=1

We observe, at least the matter portion of the energy density of the universe, to be nearly
one, Wn@.3+0.1. Thisimpliesthat at the beginning of the universe, W, must have been
even closer to one. Imagine that for every Plank time frame (5.4410* sec), W, changed
so that it moved further away from its original value. If that original value had not been

almost exactly one, W, today would not be only one order of magnitude off from one.



14 W<0.3

Radiation scales as (1 + z)* while matter scales as (1 + z)°. Aswe increase redshift?, or

go back in time®, radiation quickly takes over the matter-dominated universe that we live

intoday. If W isabove 0.3, then this critical changing point is pushed forward in time

and the universe as we know it would not have sufficient time to coalesce into the galaxy

formations we see today.

2 Cdculating Distance

High-z SNe ladatais shown to the right where my is
given in units of distance moduli. The conversion to
luminosity distance (D.*) in Megaparsecs is:
m,=m-M =5log(D,) + 25 @D
From here, we can expand out the luminosity
distance in terms of the Hubble® constant (Ho),
redshift (z), and the deceleration parameter (qo):

D. = Ho'z + Ho *2((1-90)/2) (2)

The Hubble constant is difficult to pinpoint due to parametric dependence on

High-z SHe 1a Light Curve Parameters

SHe z Distance Modulus | Sigma
1996E | 0.43 N.74 0.28
1996H 0.62 42.98 0.17

19961 0.57 42.76 0.19
1996 | 0.30 11.38 0.24
1996K | 0.38 .53 0.20
19960 0.43 42.55 0.25
1997ce | .44 41.95 0.17
1997cj 0.50 42.40 0.17
1997ck | g g7 44.39 0.30
1995K 0.48 42.45 0.17

cosmological parameters at high redshift, but at modest redshift (zU1), one may

determine Ho: onalog z vs. log Dy, log H, is the interception on the log z axis. The most

recent value of Ho is 707 km/s/Mpc.

2 7 = redshift, according to the Doppler Effect, the spectrum of an object moving away from areference

point will be shifted towards the red end.

3 The further objects are from Earth, the more redshifted they seem to be. Also, the further away these
objects are, the earlier they must have formed since the universe has been continually expanding.

Therefore, increasing redshift islike looking back in time at an earlier universe.
“D.2° L/4pF Since space has expanded by the time we detect the light from a distant object, the
expansion of the universe requires the specific “luminosity distance” definition.




Note:

In our attempt to calculate g, using a“best fit” technique, the values we generated
were unpleasant. Further attempts were abandoned and the values from Jason Farris
paper, go = -0.5+0.2, and the High-z Supernova Research Team, q, = -1+0.4, were used.
Some Constraints
We used several constraintsin our analysis in order to determine which Universes could
be probable:

W3 0.3
W30

forWo=1, W £0.7

3 Data ¢+ Matter
Caonstraint

Omega Rad.
Fig. 1

The projection onto the W, W plane. This was done in order to compare the results of

the Supernova Cosmology Group with our own.

® H, is the present expansion rate of the Universe.



Shows the results of the Supernova Cosmology Group where W, =
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0. Asyou can

see, the best fit for the Universeis aflat Universe (W, = 1) with adeceleration

parameter (go) = -0.5.
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Fig. 3

Shows athree dimensional plot of the components of the total energy density of the
universe. Here we see the best g, value of —0.5 in red with 1 sigma planesin blue, the
best Wi, value of 0.3 in green with 1 sigma planesin dark purple, a constraint where

W £ 0.7, and an, open, flat, and closed universe in light purple, orange, and light purple

respectively moving front to back.

Best qo = -0.5+-0.2
Best Omega Mat. = 0.3+-0.1
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The results of last year's REU student, .
. . Fig. 5 — (above)
J_ason Farris. Th? blue line rep_r@ents a best Here we have areplica of Farris' plot: aflat
fit to the data while the green lines are the Universe with a deceleration of —0.5. The best
onesigmalevel. Thered line represents the fit line (blue) intersects both axes at slightly
; is alowed: different values, but thisis mostly due to the
\t/)\c;ugdar%/ at which Whiis allowed different methods used to produce these resullts.
m? 0.2, Asyou can see, thisis a probable solution in
which it is possible to have W, 2 0.3 with W, 3
0 and a positive W, component.
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Fig. 6 & 7— (above)

Here we have aflat Universe and an open Universe where the best fit lines (blue) leads to negative
values for Wi, and W;, hence, not very probable solutions. Thereis, however, avery small portion
in the red zones (the valley area) where Wi, and W; are positive, but this leads to an Wi, value of less
than 0.3. We aready observe Wp, 3 0.3, so consequently we can rule out these solutions.
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Here we have an open Universe where
the best fit line (blue)leads to negative
values for Wy, and W, hence, not a very
probable solution.
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Hereis atheoretically probable solution
according to the Wi,, 3 0.3 constraint,
however, there could be an upper limit to
Wi, that restricts the graph that we do not
know about yet.

Fig. 10 — (left

Hereis avery probable result for
aclosed Universe. For Wy, 3 0.3,
we get a value positive or zero
value for W, and a positive value
for WL
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