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Abstract: We place bounds on the future lifetime of the universe based on present and future Type la supernovae and CMB observations, and
explain features in the constraints on the past. We give areview of our work done in the last few years and present mainly our current work using a
new Markov Chain Monte Carlo (MCMC) code. The resulting constraints exhibit features which have been observed by other groups previoudly,
but which have not been explained so far. Using our new code, we are able to explain them and show that the new first-year data of the Supernova
Legacy Survey (SNLS) prefer the cosmological constant, despite the fact that probability distributions for model parameters generically seem to
favor dark energy models with non-trivial dynamics. We also calculate the future lifetime of the universe in a model derived from supergravity and
discuss the proper interpretation of the results
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Calculating the Future Lifetime of the Universe:

e After discovery of dark energy, situation hopeless: not enough
SNe data to know future lifetime with all the non-trivial dark
energy possibilities.

e Use future observations to constrain a simple & to a dark energy
potential.

e Use present data to constrain directly theory coming from
fundamental particle physics.
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ACHIEVEMENTS (CONTINUED)

Data analysis improvements:
® QD ==Ls, H(] =1
e Fisher matrix

e Markov Chain Monte Carlo (MCMC) code

Mathematical/Methodological advancements:

e Even in the absence of precise knowledge of nature of dark
energy, technique developed to calculate future lifetime and
interpret results correctly.

e Given a particle physics theory, we know how to obtain precise
=oo@SUItS from observations.



Part |: Review (earlier work)
¢ Introduction: scalar field dark energy
e Peculiarities of calculating future lifetime
¢ Using future data to constrain the linear potential: 30-40 Gyr
e Present observations and constraints (Riess 2004 sample)
e Cosmological constant or not? .

Part II: Present work (J.M.K., Pascal Vaudrevange)
e New MCMC code for study of dark energy

e Supernova Legacy Survey (SNLS)
e Probability distributions of dark energy parameters peak at
non-cosmological-constant values
e But: SN la data prefer cosmological constant
e Future Lifetime of gauged N=8 SUGRA: 8-55 Gyr
sz cogof-Uture lifetime vs present age



SCALAR FIELD DARK ENERGY

Equation of motion for scalar field ¢ (in FRW background):
A%

U+ %Ho——:{]
do

Energy density and pressure:

2 o2
Pod = ? 4 1(()] Py = ? - 1*( )
Equation of state: - "
Vv
I)Q - U.*p!_.,
@
w — T u ({)) o
b2 A S,
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WHY USE A SPECIFIC POTENTIAL?

e Model (potential)- and fit-independent reconstructions of the past,
of
X(z) = p(2)/p(z = 0) and w(z),
where X (z) defined by H*(z) = H3(2,.(1 + 2)* + Qx X (2)),
useful and have been done. However:

-
e Must resist urge to extrapolate from this to the future!
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WHY USE A SPECIFIC POTENTIAL?

e Model (potential)- and fit-independent reconstructions of the past,
of

X(z) =p(2)/p(z =0) and w(z),
where X (z) defined by H?(z) = HZ(Q,,.(1 + 2)% + Qx X (2)),
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e Must resist urge to extrapolate from this to the ﬁ.lture!

_ , | v 9
Sounds dogmatic, so let’s
consider an example: 3 -
(Is like continuation of a *

series in an 1Q test.)
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MODEL INDEPENDENT ANALYSIS '

o/,18)

Reqshi ¢

]
U =

N & @ NN

e R = =

2.250.50.75 £ 1.251.51.75 2"
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Model independent: splines still
depend on the number of
parameters used for the splines.
One should not extrapolate from
this analysis; into the future.

Wang & Tegmark (2004)

Model independent boundaries
constrain px(z)/px(z = 0) of
linear potential at redshift
z < 0.003, where there are no
supernovae.

Wang, J.M.K., Linde, Shmakova (2004)
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WHY USE A SPECIFIC POTENTIALY

e Model (potential)- and fit-independent reconstructions of the past,
of
X(2) = p(z)/p(z = 0) and w(z),
where X (z) defined by H*(z) = H3(Q,.(1 + 2)* + Qx X (2)),
useful and have been done. However:

k
e Must resist urge to extrapolate from this to the future!
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TIME EVOLUTION OF SCALE FACTOR

Friedmann equations:

. (1)
'”.I ‘LTC )r“ F
— = — l . f — = 3 Pm +2(D£ i 2‘/((‘))
a 3 a3 e
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MODEL INDEPENDENT ANALYSIS

o/,18)
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Model independent: splines still
depend on the number of
parameters used for the splines.
One should not extrapolate from
this analysi:i into the future.

Wang & Tegmark (2004)

Model independent boundaries
constrain px(z)/px(z = 0) of
linear potential at redshift
z < 0.003, where there are no
supernovae.

Wang. JM.K., Linde, Shmakova (2004)
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[LINEAR POTENTIAL

Kallosh, JM.K., Linde, Linder, Shmakova (2003)

V(e) = Vo(l + ag)

e Good approximation for many scalar field dark energy potentials
in the relevant region (all quite flat since V;, small, otherwise too
early collapse). &

e 2 potential parameters: 1}, a, plus initial condition ¢;,,;,
(set o,,;=0, due to large H friction from p,,, initially).

e Shift symmetry in ¢;,,; eliminates 1 parameter, /.
= Only 1 parameter potential!

e Very suitable to study even with present (weak) observations.

- ddrosophila of scalar field dark energy with non-trivial dynamigs.




SUPERNOVA/ACCELERATION PROB

Measures luminosity dis-
tances to some 2000 Type la
supernovae.

Redshift range: z = 0.1-1.7

SNAP[SN]: distance redshift
measurement of super-
novae.

SNAP[WL]: weak gravita-
tional lensing from SNAP
wide field survey.

irsa: 06010006

SNAP
http://snap.lbl.gov/
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TIME EVOLUTION OF SCALE FACTOR

(

Friedmann equations:

4G },l,}
: B +3pm +—G _‘)‘/( )
— )|

f.I s 871'0 f}ru , kQ‘!
u) 3 ( a’ (#) + 2 )
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ACHIEVEMENTS (CONTINUED)

Data analysis improvements:
e Op =07, Hy =1
e Fisher matrix

e Markov Chain Monte Carlo (MCMC) code

Mathematical/Methodological advancements:

e Even in the absence of precise knowledge of nature of dark
energy, technique developed to calculate future lifetime and
interpret results correctly.

e Given a particle physics theory, we know how to obtain precise
= b@SUItS from observations.




SCALAR FIELD DARK ENERGY

Equation of motion for scalar field ¢ (in FRW background):

5 . OV
b3y — =0
do

Po = % + V(9), Po = % — ‘rk((.-f))
Equation of state: ¥ v "

Pp = WPy

w =

>
$2 : -
=+ Vid) i #
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TIME EVOLUTION OF SCALE FACTOR

Friedmann equations:

47G [ pm’

E - :_-; . 3 + 3 Pm +—G S ‘)V'( )

a - a N

=()
& a\*> 8rG ;),,,,] i kcﬁf‘!
H — (E) 3 (([5 +"(O)"+‘E
r " §
"4

(%)

I ||||| 56010006 J

Generic scalar field dark energy behawisrk




WHY USE A SPECIFIC POTENTIAL?

e Model (potential)- and fit-independent reconstructions of the past,
of

X(2) = p(2)/p(z =0) and w(z),
where X (z) defined by H?(z) = HZ(Q,.(1 + ) + Qx X (2)),
useful and have been done. However:

e Must resist urge to extrapolate from this to the ﬁ.lture!

. | T
Sounds dogmatic, so let’s v
consider an example: - 3 1
(Is like continuation of a *

series in an 1Q test.)
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MODEL INDEPENDENT ANALYSIS
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Model independent: splines still
depend on the number of
parameters used for the splines.
One should not extrapolate from
this .=.1nr:.=.lysi9=t into the future.

Wang & Tegmark (2004)

Model independent boundaries
constrain px(z)/px(z = 0) of
linear potential at redshift
z < 0.003, where there are no
supernovae.

Wang. JM.K., Linde, Shmakova (2004)
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[LINEAR POTENTIAL

Kallosh, JM.K., Linde, Linder, Shmakova (2003)

V(o) = VW(l + ag)

e Good approximation for many scalar field dark energy potentials
in the relevant region (all quite flat since V;, small, otherwise too
early collapse). k

e 2 potential parameters: 1}, a, plus initial condition ¢;,,;,
(set ¢,,,=0, due to large H friction from p,,, initially).

e Shift symmetry in ¢;,,; eliminates 1 parameter, .
= Only 1 parameter potential!

e Very suitable to study even with present (weak) observations.

- ddrosophila of scalar field dark energy with non-trivial dynamigs.
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early collapse). k
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SUPERNOVA/ACCELERATION PRO

Measures luminosity dis-
tances to some 2000 Type la
supernovae.

Redshift range: z = 0.1-1.7

SNAP[SN]: distance redshift
measurement of super-
novae.

SNAP[WL]: weak gravita-
tional lensing from SNAP

wide field survey.
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Measures luminosity dis-
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MAGNITUDE-REDSHIFT RELATION O

Apparent SNe magnitude as function of redshift =:

miz) = Slogy [(1 + 2) / dz’ [(1 - Qp)(1 + 2')°
JO
n -:’ " n —1 2
n QDEHL% (14 ' d(In(1+2 D [1+w(z ”]k / } + M

and M = M + 25 — 5log,o(Ho/100km/s/Mpc),
where M is the supernova absolute magnitude.
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MAGNITUDE-REDSHIFT RELATION O

| 0.25 9.5 .75 1 1.25 1.5

Riess et al. 2004 gold/silver sample Simulated dataset for SNAP
(2298 SNe, oy = 0.15 mag statistical

uncertainty)
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PLANCK

Planck Surveyor cosmic
microwave background satellite:
Measurement of angular
diameter distance to the CMB
LSS at 2 = 1089.

'\--Ll-_\ll:_"ll

d= / dz f(z) "=,

(0

f(z) =[1+2)°+

Measurement error:
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-0.6

w(z) for different slopes ~0.7
of the linear potential

in the relevant redshift 08

range of SNAP: e

So use fit (introduced by Linder):

w(z) = wo + we(l — a) = wy + w,

In general a good fit for many potentials.

Fits shape of w(z) from linear potential particularly well.
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CONSTRAINTS ON w(z)

Constraints from SNAP and Planck:

Confidence contours at
95% confidence level (solid).
Blue: SNAP[SN]
Purple: SNRAP[SN]+Planck
Orange: SNAP[SN]+Planck

+SNAP[WL]

Black triangles:
intersections with
one-parameter line of
linear potential.
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Parameter | Cosm. SNAP[SN] SNAP[SN] SNAP[SN] Minimum
(95% cl) Const. + Planck +Planck +00 Lifetime
+ SNAP[WL] Model

color red orange purple blue black

« 0 0.71 0.76 0.86 1.13

Vo 0.72 pg 0.83 pg 0.85 po 0.91 & 1.77 po

aVp 0 0.72 po/Mp, | 0.79 po/M, | 0.96 po/M, | 2.46 po /M,

w(0) -1 -0.89 -0.87 -0.82 -0.0001

te 00 39.5 Gyr 35.5 Gyr 28.7 Gyr 11.3 Gyr
where

Po ~ IO_IEOJI: ~ 107*g/cm?

is the total energy density of the universe today, and
L iS.dhe time from now until collapse.
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SCALE FACTOR EVOLUTION

-1 2 11l ¢t

Kallosh, JM.K., Linde, Linder, Shmakoya {2003)
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OTHER POSSIBLE SNAP RESULTS

Previously assumed that SNAP observation returns cosmological
constant. Now: exclude cosmological constant:

(Cexsluded if SNAP outside dotted contour. JM.K., Linde. Linder, Shmakaoyg.42003)




Blue: SNAP[SN] + Planck
Red: SNAP[SN] + Planck + SNAP[WL]

s oso000s oo €Xcluded if most likely value of SNAP + Planck outside of contours,, ...




Previously assumed that SNAP observation returns cosmological
constant. Now: exclude cosmological constant:

CCexsluded if SNAP outside dotted contour. JM.K., Linde, Linder. Shmakaoyg.(2003)




EXCLUDING CC WITH SNAP + PEANE

Blue: SNAP[SN] + Planck
Red: SNAP[SN] + Planck + SNAP[WL]

s oso000s. oo €Xcluded if most likely value of SNAP + Planck outside of contours,, ...,




COSMOLOGICAL CONSTANT OR NOT?

Parameter constraints using Riess 2004 gold dataset:

157 SNe [Riess sample gold set] (dashed); SNe plus CMB (dotted); SNe plus CMB and 2dF (solid)

e

0 02040608 1 1.2 0 005 0.1 0.15 - =1 @ 1 2
[8nGV,/3)(h/H,)? [8nGp2/3)(h/H,)? a[3/(8nG)]2
|
\ ‘
i T ilss al e sy P
0 ; i 055 06 065 07 075 0 100 200 300 400
Q h t, [Gyr]

w {.. 24 Gyr (at 95% cl)
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INTRODUCING NEW MCMC CODE

J.M.K., Pascal Vaudrevange
Markov Chain Monte Carlo code for the study of Dark Energy

e Originally based on CosmoMC MCMC engine (by Lewis & Bridle).
e Designed specifically to study time-varying dark energy.

e CosmoMC does not have a dark energy extengon: the
quintessence module provided by Lewis runs only with CAMB,

not in connection with the MCMC core.
e Parallelized to run on CITA’'s McKenzie cluster.

e Easy modular design: Arrays of arbitrary input and output
variables.

e Eventually publicly available, with support for theorists in other
irsa: 0601(f)i>e Id - Page 44/113




SUPERNOVA LEGACY SURVEY (SNES}

First-year dataset now available!

e Two-stage program:

e Imaging Survey

e Spectroscopic Follow-up program
e SNLS: 5-year program.

e First-year data:
— available since October 2005 (astro-ph/0510447).
— 91 SN la and SN la* events.

— Dataset extends to redshift z ~ 1.
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IMAGING SURVEY

e Canada-France-Hawaii Telescope (CFHT)
as part of the CFHT Legacy Survey.

e MegaCam one square degree imager

e Detection of SNe Type la candidates

e Monitoring light-curves

e Hand-off of candidates to spectroscopic follow-up program

e Prescreening of SN la, discerning from other variable sources

e Advantage over other SN surveys:
— One instrument/telescope for all SNe.

— Reduced unkown sytematic uncertainties.
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SUPERNOVA LEGACY SURVEY (SNES)

First-year dataset now available!

e Two-stage program:

e Imaging Survey

e Spectroscopic Follow-up program
e SNLS: 5-year program.

e First-year data:
— available since October 2005 (astro-ph/0510447).
— 91 SN la and SN Ia* events.

— Dataset extends to redshift z ~ 1.
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COSMOLOGICAL CONSTANT OR NOT?

Parameter constraints using Riess 2004 gold dataset:

157 SNe [Riess sample gold set] (dashed); SNe plus CMB (dotted); SNe plus CMB and 2dF (solid)

= SR
0 02040608 1 1.2 0 0.05 0.1 0.15 -2 =1 0 1 2
[8nGV,/3)(h/H,)? [8wGp2/3)(h/H,)? a(3/(8nG)]"/2
l
i A ' i i_L.lJ_ 4/'\ J_l..i_l. i & &
0.6 0.55 ns 0685 0.7 0.75 0 100 200 300 400
t, [Gyr]

w {.. 24 Gyr (at 95% cl)
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MAGNITUDE-REDSHIFT RELATION ©

| .25 0.5 9.7% 1 1.25 1.5

Riess et al. 2004 gold/silver sample Simulated dataset for SNAP
(2298 SNe, oy = 0.15 mag statistical

uncertainty)
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MAGNITUDE-REDSHIFT RELATION OF

Apparent SNe magnitude as function of redshift =:

m(z) = 5logm[(1+:)/ d:’[(l—m)(uz’)“

J 0O

In(l +_:r:|

o o NP N _1./2
+ QDE';‘I” d(ln(14+z""))[1+w(z )wk } +.«M

and M = M + 25 — 5log,;o(Ho/100km/s/Mpc),
where M is the supernova absolute magnitude.
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MODEL INDEPENDENT ANALYSIS

o/,18)

Fag=pe

2.258.50.75 £ 1.251.51.7% 2"
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Model independent: splines still
depend on the number of
parameters used for the splines.
One should not extrapolate from
this analysisi into the future.

Wang & Tegmark (2004)

Model independent boundaries
constrain px(z)/px(z = 0) of
linear potential at redshift
z < 0.003, where there are no
supernovae.

Wang. JM.K., Linde, Shmakova (2004)
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WHY USE A SPECIFIC POTENTIAL?

e Model (potential)- and fit-independent reconstructions of the past,
of
X(z)=p(2)/p(z =0) and w(z),
where X (z) defined by H?(z) = H2(Q,.(1 + 2)% + Qx X (2)),

useful and have been done. However:

k
e Must resist urge to extrapolate from this to the future!
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SCALAR FIELD DARK ENERGY

Equation of motion for scalar field ¢ (in FRW background):
1%

6+3Hd+ — =0
o

Energy density and pressure:

- S 52

ps ==+ V(9). ps = = — (o)
Equation of state: ¥ 1
')

Pp = WP,
__" — V(d

w - %1 (()) | o
5 +V(e) e
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TIME EVOLUTION OF SCALE FACTOR

Friedmann equations:

- (1)
a 47G [ p . :
- = —— |2 13 p. 1262 —2V(9)
a 3 a | sHipes’
={)
2
=

a\ 87l ,()f,,l,,] , *a.')"z
(;) E ( Wi

4 v R

o
-&'%1 =1 1 2 3
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TIME EVOLUTION OF SCALE FACTOR

Friedmann equations:

4G m
E el : p +3p?n +‘)G _‘)‘/( )
a 3 a? i
—0
3 1\>  81G (o ., )2
o= (8) G (e yp
a 3 a’ 2
r " :
vV

_(!h'-%:.}
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SCALAR FIELD DARK ENERGY

Equation of motion for scalar field ¢ (in FRW background):
1%

O+3H£)+—:[]
do

Energy density and pressure:

.5)2 ) é}'}_'
po="75+V(®),  ps=7 — W)
Equation of state: ¥ 1
')

Po = WPy
¢~ _V(d

R i C
S+ V(o)
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WHY USE A SPECIFIC POTENTIAL?

e Model (potential)- and fit-independent reconstructions of the past,
of

X(2) = p(2)/p(z =0) and w(z),
where X (z) defined by H*(z) = H3 (Q,,(1 + 2)* + Qx X (2)),
useful and have been done. However:

k
e Must resist urge to extrapolate from this to the future!

irsa: 06010006 Page 57/113




WHY USE A SPECIFIC POTENTIAL?

e Model (potential)- and fit-independent reconstructions of the past.
of
X(z) = p(z)/p(z = 0) and w(z),
where X (z) defined by H*(z) = H5 (Q,n(1 + 2)° + Qx X (2)),

useful and have been done. However:

k
e Must resist urge to extrapolate from this to the future!
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SCALAR FIELD DARK ENERGY

Equation of motion for scalar field ¢ (in FRW background):
1%

6+3Hdé+ — =0
o

Energy density and pressure:

P 52
po = 5 + V(@). ps =5 - Wo)
Equation of state: v A
v
Pp = WPy
w = 22— v ie) o
S +V(9) ———
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SUPERNOVA LEGACY SURVEY (SNES)

First-year dataset now available!

e Two-stage program:

e Imaging Survey

e Spectroscopic Follow-up program
e SNLS: 5-year program.

e First-year data:
— available since October 2005 (astro-ph/0510447).
— 91 SN la and SN |a* events.

— Dataset extends to redshift z ~ 1.
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SUPERNOVA LEGACY SURVEY (S

First-year dataset now available!
e Two-stage program:
e Imaging Survey
e Spectroscopic Follow-up program
e SNLS: 5-year program.

e First-year data:
— available since October 2005 (astro-ph/0510447).
— 91 SN la and SN la* events.

— Dataset extends to redshift z ~ 1.

irsa: 06010006 Page 62/113




IMAGING SURVEY

e Canada-France-Hawaii Telescope (CFHT)
as part of the CFHT Legacy Survey.

e MegaCam one square degree imager

e Detection of SNe Type la candidates

e Monitoring light-curves

e Hand-off of candidates to spectroscopic follow-up program

e Prescreening of SN la, discerning from other variable sources

e Advantage over other SN surveys:
— One instrument/telescope for all SNe.

— Reduced unkown sytematic uncertainties.
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SPECTROSCOPIC FOLLOW-UP

e Obtain redshift of SNe
e |dentify if SN is of Type la

e Requires 8-10 m class telescopes due to faintness of distant SNe:
— European Southern Observatory Very Large Telescope
— Gemini-North and South ’
— Keck-1 and -l

e Imaging Survey: more candidates that can be followed up:
— Photometric selection tool: real-time light-curve fits

— Database of variable objects (remove AGN, variable stars)

e Determines SN la (secure) and SN |a* (probable)

irsa: 06010006 Page 64/113




GAUGED N=8 SUPERGRAVITY |

Gauged N=8 SUGRA
dark energy potential:

V(e) = Vi (2 - cosh(\/ﬁfp))

e Derived from fundamental
particle physics

e Generic shape
= Features generic.

e Rapidly collapsing
= Shows features more
prominently.

irsa: 06010006

Likelihood (dotted) and
marginalized probability
distribution (solid) of model
parameters:
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GAUGED N=8 SUPERGRAVITY

Gauged N=8 SUGRA
dark energy potential:

V(é) =V, (2 - cosh(\/ifp))

e Derived from fundamental
particle physics

e Generic shape
= Features generic.

e Rapidly collapsing
= Shows features more
prominently.

irsa: 06010006

Likelihood (dotted) and
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distribution (solid) of model
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COSMOLOGICAL CONSTANT OR NOI?

Parameter constraints using Riess 2004 gold dataset:

157 SNe [Riess sample gold set] (dashed); SNe plus CMB (dotted); SNe plus CMB and 2dF (solid)
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GAUGED N=8 SUPERGRAVITY

Gauged N=8 SUGRA
dark energy potential:

V(o) =V, (2 = (:0511(\/549))

e Derived from fundamental
particle physics

e Generic shape
= Features generic.

e Rapidly collapsing
= Shows features more
prominently.
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3D PARAMETER SPACE

0.75 : 0.8 D.B5

color: likelihood, contour: Cosmological parameters
- coodl@rginalized probability (H7 divided out) e
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GAUGED N=8 SUPERGRAVITY

Gauged N=8 SUGRA
dark energy potential:

V(o) =V, (2 o (:0511(\/§qb))

e Derived from fundamental
particle physics

e Generic shape
= Features generic.

e Rapidly collapsing
= Shows features more
prominently.
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3D PARAMETER SPACE

0.75 : 0.8 0.B5

color: likelihood, contour: Cosmological parameters
= congiarginalized probability (H7 divided out) ez




GAUGED N=8 SUPERGRAVITY

Gauged N=8 SUGRA
dark energy potential:

V(o) =Vy (2 — (:osh(\/éqb))

e Derived from fundamental
particle physics

e Generic shape
= Features generic.

e Rapidly collapsing
= Shows features more
prominently.
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3D PARAMETER SPACE

: 0.8 0.B5

color: likelihood, contour: Cosmological parameters
= coodl@rginalized probability (H; divided out) e




0.4 0.5 0.6 0.7 0.8
color: mean likelihood Removing H, dependence from model
black contours: marginalized probability parameters.
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3D PARAMETER SPACE
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color: likelihood, contour: Cosmological parameters
= codl@rginalized probability (H7 divided out) ruesons




0.4 0.5 0.6 0.7 0.8
color: mean likelihood Removing H, dependence from model
black contours: marginalized probability parameters.
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Marginalization over H, causes shift in peaks of probability
distribution.

0.6

— QOriginal parameter space

-0.2 L3
04 Color: mean likelihood.
s st = Black contours: 5% and 15%

marginalized probability.

— Hy marginalized parameter
space.
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FUTURE LIFETIME
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8-55 Gyr at 95% c.l.
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LLIFETIME DISTRIBUTION

» Much of the parameter
space volume is occupied
i % **"':"“..";?hz | by short lifetimes (dark
AR blue).
- RS A | Lifetimes longer than 100
> o | Gyr ottly near the very
N M center.
R R L. = Volume suppression of
T y c‘tj"*:f:-*" I‘ long lifetimes. Has
1 nothing to do with data.
“—w—a— .. SNe data prefer
N — B cosmological constant
£ T A T T (see likelihood).
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LLIFETIME DISTRIBUTION

Much of the parameter
space volume is occupied
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ARE MODELS COLLAPSING EARLIER

Does smaller ¢.. (time until collapse) indeed
imply smaller ¢, (age today)?

da

lt“Obsew.f—.ltif.:sns.:“
25— 0.7,
H{:. ==
No error bars.

Kallosh, Linde (2003)
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ARE MODELS COLLAPSING EARLI

Does smaller ¢.. (time until collapse) indeed
imply smaller ¢, (age today)?
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tolor band (likelihood, data preference) shows: small 7. = large.ts.



AGE AND HUBBLE
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1 o'clock axis from SNe observation uncertainty. 4 o'clock spread
from.dynamics of scalar field.




CONCLUSIONS

e Non-cosmological-constant peaks in parameter distributions arise
due to marginalization and are a consequence of a parameter
space volume effect (prior).

e SNe data (SNLS) prefer the cosmological constant.

e Marginalization over H, (or equivalently over absolute SN
magnitude M) is enough to cause non-cosmological-constant
peaks.

e Future lifetime of gauged N=8 SUGRA lies between 8-55 billion
years (95% c.l.), according to new first-year Supernova Legacy
Survey dataset.

e Models collapsing earlier in the future are older today.
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ARE MODELS COLLAPSING EARLIER™

Does smaller ¢.. (time until collapse) indeed
imply smaller ¢, (age today)?
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25 —0.7,
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No error bars.

Kallosh, Linde (2003)
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ARE MODELS COLLAPSING EARLIER ¥

Does smaller ¢.. (time until collapse) indeed
imply smaller , (age today)?
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tolor band (likelihood, data preference) shows: small 7. = large.ts.
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tolor band (likelihood, data preference) shows: small 7. = large.t, .
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CONCLUSIONS

e Non-cosmological-constant peaks in parameter distributions arise
due to marginalization and are a consequence of a parameter
space volume effect (prior).

e SNe data (SNLS) prefer the cosmological constant.

e Marginalization over H (or equivalently over absolute SN
magnitude M) is enough to cause non-cosmological-constant
peaks.

e Future lifetime of gauged N=8 SUGRA lies between 8-55 billion
years (95% c.l.), according to new first-year Supernova Legacy
Survey dataset.

e Models collapsing earlier in the future are older today.
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CONCLUSIONS (EARLIER WORK)

Future lifetime calculation must be done model-dependently.

Future lifetime constraints on the linear potential:

e Our universe will not collapse for at least another 24 Gyr
according to the Riess 2004 Type la SNe dataset (at 95% cl).

e Future SN observations with SNAP may push t.ﬁis frontier to
30 Gyr.

e Adding CMB observations (Planck) improves this to 35 Gyr.
¢ Including also SNAP[WL] raises lifetime to 40 Gyr.
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FUTURE LIFETIME
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COSMOLOGICAL CONSTANT OR NOT?

Parameter constraints using Riess 2004 gold dataset:

157 SNe [Riess sample gold set] (dashed); SNe plus CMB (dotted); SNe plus CMB and 2dF (solid)

\ 1’ \
L 8 -
| T
0 02040608 1 12 0 005 0.1 0.15 2% @ §y 2
[8nGV,/3)(h/H,y)? [87Gp2/3)(h/H,)? a[3/(8nG)]'/2
\ |
a i i e i_L.I_LL i i li—L - T
; 0.8 055 06 065 07 0.75 0 100 200 300 400
0 h t, [Cyr]

w {.. 24 Gyr (at 95% cl)

Pirsa: 06010006 Wang. JM.K.. Linde, Shmﬂk@bﬁlaﬁgoo#)



