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Energy Budget of the Universe
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What is Dark Energy!?

“Dark Energy is made
from an exclusive blend of
vital L-amino acids,
beneficial vitamins and
bionutrients that allows
faster and greater ion
penetration of the cell
walls, visibly enhancing the
rate of growth”

GrowLightSource.com



Dark Energy Equation Of State
p=wp

For Cosmological Constant... w = —1



“Seeing” The Dark Energy



“Seeing” The Dark Energy

..via its effect on the expansion of the Universe
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(1) Standard Candles: Luminosity Distance of SNe




“Seeing” The Dark Energy

..via its effect on the expansion of the Universe

H(z) = Hy [Qm(1+ 2)° + Qu(1+ 2)2 + (1 — Q — Q) F(2)]
Approaches...

(1) Standard Candles: Luminosity Distance of SNe

18 Q
3




DE EOS Revisited: Different Approaches...



DE EOS Revisited: Different Approaches...

(A) Parameterize w(z) [Adopted by the DETF]

w(a) = wy + (1 — a)w,
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(A) Parameterize w(z) [Adopted by the DETF]

w(a) = wy

DETF Figure of Merit (FoM)

Reciprocal of the Area of
the Error Ellipse enclosing

the 95% Confidence Limit
in the wg — w, Plane.

(1 —a)w,

Larger Value of the FoM H Acxil;euart:cl;
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Covariance Matrix

C=(ww')— (w){w")



DE EOS Revisited: Beyond Two Param...
(B) Model-Independent Redshift-Binning of w(z)
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(C) Decorrelated Estimates of w(z)

Diagonalize The Fisher Matrix

F=C!'=0'AO



Our Analyses: Six Mock Scenarios

® Case A: 200 SNe up to z=1.8; 2 BAO estimates

@ Case B: 300 SNe out to z=0.1 & 2000 SNe in the
range 0.1<z<I.8; 7 BAO estimates

® Case C: Same as (B)... with 10 new BAO constraints
® Case D: 10,000 SNe out to z=2.0, 7 BAO estimates
® Case E: 10,000 SNe out to z=2.0; | 7 BAO estimates

@ Case F:200 SNe as in (A); 17 BAO estimates
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FoM =
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Conclusion

€ Future surveys can be expected to estimate three
or more independent dark energy EOS
parameters to an accuracy better than 10%

$ We propose a parameterization-independent
Figure of Merit (FoM):
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' 1
FM=1 2 Stz

€ The FoM holds for an arbitrary # of dof
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Constraining with Standard Candles (SNe)
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Constraining with Standard Candles (SNe)

L/4mds
- M = =2
m 2.51og Z/An(10pc)?
dr,
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DE EOS Revisited: Different Approaches...

(A) Parameterize w(z) [Adopted by the DETF]

w(z) = wo + (1 — a)w,

And hence
H(z) = Ho [Qn(1+2)° + Q1 +2)° + (1 - Q4 — Q) F(2)]

where

S3Wq 2

F(z) = (14 2)3eotee)o= 5

wog = —1 and w; =0 H

Cosmological
Constant




Different Scales

eanicr | Tres | o) | Sy | T
0 | 3.7 viion| O 0 2.725
0.0l |13.5 uiien] 3000 30 2.752
0.033 |[13.1] viion| 10,000 100 | 2.815
0.1 |I1.9siien| 30,000 | 300 | 2.998
1.0 |04.8 .iion| 300,000] 3000 | 5.450
4.0 |~ iiion| |.2 miion | 12,000 | 13.625
| 100 [{400,000] 0.3 vition | 3.3 miiion | 3000

1 Mpc = 10° pc = 3.26 x 10° Iy = 3.08 x 10%? m




