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Inflation & its Cosmic Probes, now & then

“osmic Probes CNB, C'MBpol (E.B modes of polarization)
3 from tensor: Bicep, Planck, Spider, Spud, Ebex, Quiet, Pappa, Clover, ..., Bpol
"FHTLS SN(192). WL(Apr07), JDEMU/DUNE BAO,LSS Ly

[nflation Then €(k)=(1+Qq)(a) ~r16 o0<€«

= multi-parameter expansion in (imHa -~ Ink)

Dynamics ~ Resolution ~ 10 good e-folds (~10°Mpc' to ~ 1 Mpc™! LsS)
-10+ parameters? Bond, Contaldi, Kofman, Vaudrevange 07

(kp) i.e. &(K) is prior dependent now, not then. Large (uniform €), Small
uniform Ing). Tiny (roulette inflation of moduli: almost all string-inspired models)

(KeMMostc. Quevedo etal. Bond, Kofman, Prokushkin, Vaudrevange 07, Kallosh andrkinde 07

. B - - g B L Fa | - ] F 9% | 1 1 = B s | rFa i 2 0 & =& B



%}% Pk —Dick Bond
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Inflation & its Cosmic Probes, now & then

[nflation Now1+W(a)= €Sf( a/ a, eq;as/ a, eq;Cs)

roes to S(a_)xj"z = 3(1+q)/2 ~1 good e-fold. only ~2params
Zhigi Huang, Bond & Kofman 07 £_.=0.0+-0.23 now, to +0.08 Planck+JDEM SN, weak aS
“osmic Probes NowC FHTLS SN(192) WL(Apr07).CMB.,BAO.LSS.Lva
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Standard Parameters ot Cosmic Structure Formation

r<0.6or<0.28 95% CL

= A/A




Standard Parameters of Cosmic Structure Formation

Peniod of milationary expansion.
quantum noise > metric perturbations

r<0.6or<0.28 95% CL

Scalar Amplitude




Standard Parameters ot Cosmic Structure Formation

Penod of milationary expansion.
quantum noise = metric perturbations

0~ 0,1 cfQ, r<0.6 or < 0.28 95% CL
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Pi

scalar spectrum
use order N Chebyshev
expansion in In k|
N-1 parameters
amplitude(1), tilt(2),
running(3), ...
(or N-1 Il{)(ldl pomt k-
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New Parameters of Cosmic Structure Formation

0
111 Pa(l{) fensor -.{}"ﬁ  spectrum

LHse oraer \ I 'I ]*.::; '. n}"j‘;{'—’\'

-::.‘~j;]':-.f.}:.n-3u_n in In Kk,

scalar spectrum
use order N Chebyshev
expansion in In kK,
N-1 parameters
amplitude(1), tilt(2),
running(3), ...
(or N-1 nodal point k-
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New Parameters of Cosmic Structure Formation

I Po(k)
l].l lp‘_}(l{) tensor (GW) spectrum

£7-t_'.{rj’]'1' h-
C DT
use order M Chebvshev

#:_"]'3;1'i‘]~uinn in ]n l-«;.

scalar spectrum M-1 parameters
use order N Chebyshev mplitude(1), tilt(2), running(3).
E‘XpilllSiOll ill ll'l k& Dual Chebyshev expansion in In k:
IN=T) parameters Standard 6 is Cheb=2
3mpﬁtﬂd£‘(l), ﬁlt(Z), Standard 7 is Cheb=2,  heh=1
running(3), ... Run is Cheb=3
(or N-1 nodal point k- Run & tensor is Cheb=3, ( heh=1

l -I [1 - AN

Low order N M power law bift Trich
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=1+q, the deceleration
parameter history

2.(I) oc H  Je, Pilk) ec H®

order N Chebyshev
expansion, N-1 parameters
(e.g. nodal point values)




Hubble parameter at
inflation at a pivot pt

=1+q, the deceleration
parameter history

2y(k) o< H?/¢, Pi(k) o H?
order N Chebyvshev

expansion, N-1 parameters
(e.g. nodal point values)
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New Parameters of Cosmic Structure Formation

)
€ ( ]f) .__. ]1" ~ H (l

H(k,

Hubble parameter at
inflation at a pivot pt

—e=dnH/dIna

=1+q, the deceleration
parameter history

2y(k) o« H?/¢, Pi(k) ox H?
order N Chebyvshev

expansion, N-1 parameters
(e.g. nodal point values)




New Parameters of Cosmic Structure Formation

elk), k= Ha
Hubble parameter at
inflation at a pivot pt

—e=dnH/dIna
¢ _dmnH

=1+q, the deceleration
parameter history

2y(k) o< H*/¢, Pi(k) o H?
order N Chebyvshev

expansion, N-1 parameters
(e.g. nodal point values)
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New Parameters of Cosmic Structure Formation

elk), k&

Ha

Hubble parameter at
inflation at a pivot pt

—e=dnH/dIna
:d]nH

=1+q, the deceleration
parameter history

2(k) ce B fc, Pdk) ec H®

Fluctuations are from stochastic kicks ~ H2n

{}r(ler N Chﬁ‘bTSh{‘T superposed on the downward drift at Alnk=1.
e\pdllﬁl(]ﬂ, N_l p arameters Potential trajectorv from HJ (SB 90.91):
d il
(e.g. nodal point values) V H?2 (1 i =V

e A R L. 2




The Parameters of Cosmic Structure Formation
Cosmic Numerology: astroph/0611198 — our Acbar paper on the basic 7+

WMAP3modified+B03+CBlcombined+Acbar06+LSS (SDSS+2dF) + DASI
(incl polarization and CMB weak lensing and tSZ)

2, =.958 + 015 Qb2 =.0226 +- .0006
93 +- .03 @0.05Mpc run&tensor h:= 114 +-.005

=A, /A, <0.28 95% CL Q,=.73+.02-.03
<,.36 CMB+LSS runatensor h=.707 +- .021
In, /dln k = -.060 +- .022 Q =.27+.03 -.02
038 +- .024 CMB+LSS rungtensor 2z, =11.4+ 2.5
A =22 +-2x 10710



E and B polarization mode patterns
Blue = + Red = -

E="local” Q in 2D B="local” U in 2D
Fourier space basis Fourier space basis

Scalar _]_- X Tensor
X X + “+  ew
e

(?V?Jc;r —I_ ":')_ _l_ X _4}_ X lensed

: scalar
% X e . o
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SPIDER Tensor Signal

* Simulation of large scale polarization signal
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SPIDER Tensor Signal

* Simulation of large scale polarization signal
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SPIDER Tensor Signal

« Simulation of large scale polarization signal
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SPIDER Tensor Signal

* Simulation of large scale polarization signal
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SPIDER Tensor Signal

* Simulation of large scale polarization signal
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SPIDER Tensor Signal

* Simulation of large scale polarization signal
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SPIDER Tensor Signal

* Simulation of large scale polarization signal
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SPIDER Tensor Signal

* Simulation of large scale polarization signal
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SPIDER Tensor Signal

* Simulation of large scale polarization signal
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SPIDER Tensor Signal

* Simulation of large scale polarization signal
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SPIDER Tensor Signal

* Simulation of large scale polarization signal
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SPIDER Tensor Signal

« Simulation of large scale polarization signal
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SPIDER Tensor Signal

« Simulation of large scale polarization signal
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SPIDER Tensor Signal

* Simulation of large scale polarization signal
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SPIDER Tensor Signal

« Simulation of large scale polarization signal
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SPIDER Tensor Signal

« Simulation of large scale polarization signal
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SPIDER Tensor Signal

* Simulation of large scale polarization signal
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SPIDER Tensor Signal

* Simulation of large scale polarization signal
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SPIDER Tensor Signal

» Simulation of large scale polarization signal
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forecast
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Very very difficult to get at with direct gravity wave detectors — even in

— :
PULSARS
10
10 '+ peed
LiGo N
Booseeed (2013)
LISA
Q (f) (20137)
GW
WMAP |
+ SDSS
N BBO I
15 (2025 7)
10

our dreams (BEQ Bang Observer ~ 2030)

[LLEY |
%B‘l:gL BBO Corr
(2030 7)
Latham Boyle O7
1 0' 20 [ 5 L 5 3
10" 107° 10° 10° 10°
Frequency (Hz)

sW/scalar carvature: current from CMNB-LSS: r< 0.6 or < 0.25 (.28) 93°%,.
ood shot at 0.02 95°, CL with BB polarization (+ 02 PL2.5+Spider). .01 target
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Inflation in the context of ever changing fundamental theory

f"#_._._._-_hh‘"‘\ ,»"’H_'_'_._-_-_-—H""“‘-»H\
1980 (r2-inflation) . Old Inflation
\~,,____‘_‘_________'_.__,_/

~ New Infiation> (Chaotic inflation
— ———SUGRA inflation >
‘\_________________________‘d_./
-~ Power-law inflation
~2ouble Inflation >~ 7777 © =~ ~Fxtended infiation >
1990 S —
< Natural inflation ~_Hybrd inflation >
—SUSY F-term- _ Assisted inflation >
nflation I SUSY D-termmy ~ Brane inflation
TR nflation
2000 ~SUSY P-terrim (¢ SUpERTatE ™y
D= ~__Inflation " K-flation
~ N-flation
T e . T
_,m_ _ DBl inflation
s | " Warped Brane~
g e ] Tachyon infiation ( infiﬁsﬁi HFs )
oo ( Racetrack inflaton) T—m89 ——— T Pageasss —

B e P D

maodhili/axion



Power law (chaotic) potentials
V/MP4 e A. \Ilzv s W=¢/MP 2-12

e=(viyy , &=(v/2)/(N(k) +v/3),
n-1l=—(v+l)/ (N(K)-v/6),
n=— v/ (N(K) -v/06),
v=1,N;~ 60, r=0.13, n=.967, n=-.017
v=2,N;~ 60, r=0.26, n=.950, n=—.034
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i = j’ _Page 45/96
M "== (.



PNGB:V/Mp* ~A__,? sin2(y/f, .y 2)

ABFFO93 5.
n,~ - red °

€ = (1-n,)/2 /(exp[(1-n) Ny (k)] (1+(1-n)/ 6) -1).
exponentially suppressed: higher r if lower Ny & 1-n
to match n=.96,f__ ;~ 5, r~0.032
to matchn=.97,1_ ,~35.8, r~0.048

 §
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Inflation in the context of ever changing fundamental theory

1980  (m2-inflation)  .Old Inflation
ﬂ-.,,_‘___________ﬂ_,,-#’
,f’ﬁ"'_'_____'_":‘““-«-wl f”_;—._._____-—_‘—"‘\
~New Inflation - (Chaetic inflation
—  — " SUGRA inflation >
/_/—'-"'_'_'_'_._.___-_'_'_'_""\-\ \u
T ke Inflati~ ( Power-aw inflation”

1990

n=— v/ (N[(k) -V/6),
v=1, NI ~ 00, r= 0139 n= 967’ 2 —017
V:.z, NI - 60: I'= 0-263 n= '950’ Wy —034
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Power law (chaotic) potentials
V/MP4 e A. \Ifzv s W=¢/MP 2-12

e=(VIWY , €= (v/2) (N((K) +V/3),
n-l=—(v+l)/ (N(K)-v/6),
n=— v/ (N¢K) -v/6),
v=1,N;~ 60, r=0.13, n=.967, n=—-.017
v=2, N;~ 60, r=0.26, n=.950, n=—.034
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PNGB:V/Mp* ~A_,? sin2(y/f, .y 2)

ABFFO93 5.
n,~ I red >

€ = (1-n)/2 /(exp[(1-n) Ny (K)] (1+(1-ny)/ 6) -1).
exponentially suppressed: higher r if lower Ny & 1-n,
to match n=.96,f__ ;~ 35, r~0.032
to matchn=.97,1_ ,~35.8, r~0.048

r

Pirsa: 07090050



Moduli/brane distance limitation in stringy
inflation. Normalized canonical inflaton

Ay <1 over AN ~ 50, ¢ 2/n, . ."* BMos

& =(dy/dIn a)2 sor =16 <.007, <<?

roulette inflation examples r ~ 10-1° & Ay <.002
possible way out with many fields assisting: N-flation

n=.97,1..4~5.8, r~0.048, Ay ~13

r
£ V=1, r=0.13, n=.967, Ay ~10
cv= r=0%6 n = 05 Aw ~16
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energy scale of inflation & r
ViIMpt~P.r (1-€/3) 32

V~ (1075 Gev)? r/0.1 (1-g/3)

roulette inflation examples V~ ( few x1073 Gev)4
H/Mp ~ 10°% (r/.1)"2

inflation energy scale ctf. the gravitino mass (Kallosh &
Linde 07) if a KIKL'T/largeV (. -like generation mechanism



String Theory Landscape & Inflation++ Phenomenology for CMB+LSS
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String Theory Landscape & Inflation++ Phenomenology for CMB+LSS

45

axion/moduli fields. éh’rinﬁﬁg }

KKLT, KKLMMT
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String Theory Landscape & Inflation++ Phenomenology for CMB+LSS
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String Theory Landscape & Inflation++ Phenomenology for CMB+LSS
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String Theory Landscape & Inflation++ Phenomenology for CMB+LSS
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String Theory Landscape & Inflation++ Phenomenology for CMB+LSS
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Constraining Inflaton Acceleration Trajectories
Bond, Contaldi, Kofman & Vaudrevange 07

“path integral” over probability landscape of theory and data, with mode-
function expansions of the paths truncated by an imposed smoothness
{Chebyshev-filter) criterion [data cannot constrain high In k frequencies]

P(trajectory|data, th) ~ P(In Hp,akldata, th)

~ P(dataj Ian,sk ) P"an,Ek | th) | P(data|th)
Likelihood theory prior | evidence
Data: Theory prior
CMBall uniform in Ian,ak
(WMAP3,B03.CBI, ACBAR, (equal a-prior probability hypothesis)
DASIVSA.MAXIMA) Nodal points cf. Chebyshev coefficients

- (linear combinations)

LSS (2dF, SDSS, o8[lens])

uniform in / log in / monotonic in &k

The theory prior matters a lot for current
data. Not quite as much for a Bpol future.

We have tried many theory priors
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Old view: Theory prior = delta function of THE correct one and only theory

New view: Theory prior = probability distribution on an energy landscape
whose features are at best only glimpsed, huge number of potential
minima, inflation the late stage flow in the low energy structure toward
these minima. Critical role of collective geometrical coordinates (moduli
fields) and of brane and antibrane “moduli” (D3,D7).
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Roulette Inflation: Ensemble of Kahler Moduli/Axion Inflations
Bond. Kofman, Prokushkin & Vaudrevange 06

A Theory prior in a class of inflation theories that seem to work

Low energy landscape dominated by the last few (complex) modulifields T, T, T, ..
J4 U, U, .. associated with the settling down of the compactification of extra dims

CY are compact Ricci-flat Kahler mfds

Kahler are Complex mfds with a hermitian
metric & 2-form associated with the metricis
closed (279 derivative of a Kahler potential)

o4

(complex) Kahler modulus associated with a 4cycle volume in 6 dimensional Calabi Yau
compactifications in Type lIB string theory. Real & imaginary parts are both important.

Juilds on the influential KKIL.T, KKI MMT moduli-stabilization ideas for stringy

nflation and the focus on 4-cvcle kahler moduli in large volume limit of IIB flux
omp: actibcatioms. Dol subramanian. Berglund 2004, + C “onlon. C Quevedo 2005, + Suruliz 2005 p¢

notivated as any stringy inflation model. Many possibilities:

'heory prior ~ probability of trajectories given potential
y>arameters of the collective coordinates X probability of the

Pirsa: 07090050_ Page 60/96

yotential parameters X probability of initial conditions



e stabilized
- T,

.
o
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g

moving

ST _ stabilized "'\

Stabilization from 3 .../ field 75... T
> uniiorm (7} distribution of initial values of (7, 8)




_P. Conlon, C. H. Kom. K. Suruliz. B. C. Allanai:h F. Quevedo
arX1v:0704.3403v1 [hep-ph] 25 Apr 2007

Sparticle Spectra and LHC Signatures for Large
Volume String Compactifications

BULEK
BLOW-UP
L UG, |
- -t
<1 =
X 8] &: |8l
e e
e p——
l'dﬁ'_‘[ !

Mﬂ- 1: The physical picture Standard Model matiter s supparted on 2 small bowup eyvele
loested within the ulk of a very large Calali-Tau The wlume of the Calaln-Tau sets the gramtine

T S (P <IN ey ) (e [ PR Sup— Ap—
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Roulette: -

which minimum
for the rolling ball
depends upon the
throw: but which
roulette wheel we

play is chance too.

The ‘house’
does not just
play dice with

the world.

gn | IF | _-'2 =

L}y =4 1 - ' + +JPL‘D-_J+11,'

ViT,0) = = - Aaplit
\ ; 3& p .:"’;".7 L; 4 ‘.L,l"gge 6396

! I I.‘.' e _..-‘I pa 4 l,‘ _-' N p— - ..
(22A2)°Jre—3x AWpapr Ayre™3" cos (3 8)

CO
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Ps ( In Ha) Kahler trajectories

S, observable range

el Template P< o< X7 ' with a) dash-dot: n, = 0.95, 1., = 0 Kias




Roulette: v

which minimum
for the rolling ball
depends upon the
throw: but which
roulette wheel we

play is chance too.

The ‘house’
does not just
play dice with

the world.

OJF - r. 17 ¥ . I ALAS PRSI, . o - =LA _-"?'
O(a3242)*JTe™%3" AWpar Arre—3" cos(a8) IWEE

V(iT, 8) = + + Vagine

. - .- %3 - ) =
PPPPP - 07090050 Jax e -L"F L,_.;_: 4 | Pdge 65196



Ps ( In Ha) Kahler trajectories

Bt observable range
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Ps (In Ha) Kahler trajectories

It is much easier to
get models which
do not agree with

observations. Here

the amplitude is off.

N\
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Ps ( In Ha) Kahler trajectories

N observable range
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Roulette:

which minimum
for the rolling ball
depends upon the
throw: but which
roulette wheel we

play is chance too.

The ‘house’
does not just
play dice with

the world.
075 - __*L P | et ‘.‘a - ‘.1 LAS N o — - —_— all gn | IF | _.."F."‘ -
s . Ol 222 )= JTe <732 Vg2 AT 92T COS(&»8) JVVEES :
L2 d - ! - - ¢ - - i - i U = ¥
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irsa: 07090050 ' 4 S A Ve L4 4 | Pege 69/96
- L _‘, # "I



Ps (In Ha) Kahler trajectories

It is much easier to
get models which
do not agree with

observations. Here

the amplitude is off.

N\
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InP_ P, (nodal 2 and 1) + 4 params cf P Pg (nodal 5 and 5) + 4 params
reconstructed from CMB+LSS data using Chebyshev nodal point expansion & MCMC

WPHRZ_1_all paramsh powerspectrum. likesials PR_modals 5 all params conipowesrspectrumikestals

Power law scalar and constant

0

tensor + 4 params

cttective r-prior makes the limit

E — Smgeﬂt e Lﬂé
: RS OREEesEZ B | sy T
no self consistencyv: order 5 1
| ‘ r= 21+ .17 (<33)

i"l."""l.""' - L
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Ps ( In Ha) Kahler trajectories

e observable range

B

play dice with
the world.
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Roulette: T

which minimum
for the rolling ball
depends upon the
throw: but which
roulette wheel we

play is chance too.

The ‘house’
does not just
play dice with

the world.
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PR2 1 _all_paramsh, powerspectrum. likestats

1{]— L ]U—HJ

InP_ P, (nodal 2 and 1) + 4 params cf Pg Pg (nodal 5 and 35) + 4 params
reconstructed from CMB+LSS data using Chebyshev nodal point expansion & MCMC

Power law scalar and constant

0

tensor + 4 params

cttective r-prior makes the limit
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InP_ P, (nodal 2 and 1) + 4 params cf P Pg (nodal 5 and 5) + 4 params

reconstructed from CMB+LSS data using Chebyshev nodal point expansion & MCMC

WPHEZ 1 _all paramsh powerspectrum likesiats

'lu— L1 ]U‘-HJ

Power law scalar and constant

i

tensor + 4 params

¢ttective r-prior makes the limit
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InP_ InP; (nodal 5 and 35) + 4 params. Uniform in exp{nodal bandpowers) cf.

uniform in nodal bandpowers reconstructed from April07 CMB+LSS data using
Chebyshev nodal point expansion & MCMC: shows prior dependence with current data
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InP_ InPy (nodal 5 and 5) + 4 params. Uniform in exp(nodal bandpowers) cf. uniform

in nodal bandpowers reconstructed from Aprild7 CMB+LSS data using Chebyshev
nodal point expansion & MCMC: shows prior dependence with current data
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> BB for InP_ InP¢ (nodal 5 and 5) + 4 params inflation trajectories reconstructed
from CMB+LSS data using Chebyshev nodal point expansion & MCMC
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=1+q, the deceleration
parameter history

2 (k) e B /e, Pilk) ec H®

order N Chebyvshev
expansion, N-1 parameters
(e.g. nodal point values)




In€4 (nodal 3) + 4 params. Uniform in exp(nodal bandpowers) cf. uniform in

nodal bandpowers reconstructed from April07 CMB+LSS data using Chebyshev
nodal point expansion & MCMC: shows prior dependence with current data
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In€4 (nodal 35) + 4 params. Uniform in exp(nodal bandpowers) cf. uniform in nodal

bandpowers reconstructed from April07 CMB+LSS data using Chebyshev nodal paint
expansion & MCMC: shows prior dependence with current data
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WIT RNy &)

C BB for in€ (nodal 3) + 4 params inflation trajectories reconstructed from
CMB+LSS data using Chebyshev nodal point expansion & MCMC
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In€4 (nodal 35) + 4 params. Uniform in exp(nodal bandpowers) cf. uniform in nodal

bandpowers recaonstructed from April07 CMB+LSS data using Chebyshev nodal paint
expansion & MCMC: shows prior dependence with current data
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WIT Ry &)

0.15

C BB for In€ (nodal 3) + 4 params inflation trajectories reconstructed from
CMB+LSS data using Chebyshev nadal point expansion & MCMC
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> BB for InP InPy (nodal 5 and 9) + 4 params inflation trajectories reconstructed
from CMB+LSS data using Chebyshev nadal point expansion & MCMC
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3-p01 simulation: mput LCDNMI (Acbar)rrun+uniform tensor
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2lanck] yI simulation: mput LCDM ( Acbar)+run+uniform tensor
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?lanck! simulation: mput LCDM (Acbar )+runtuniform tensor
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?lanck] simulation: mput LCDM (Acbar)+runtuniform tensor
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Inflation then summary
the basic 6 parameter model with no GW allowed fits all of the data OK

Usual GW limits come from adding r with a fixed GW spectrum and no
sonsistency criterion {7 params). Adding minimal consistency does not make that
much difference (7 params)

'{<.28 95%) limit comes from relating high k region of o5 to low k region of GW C

Uniform priors in €(k) ~ r{k): with current data, the scalar power downturns (€(k)
goes up) at low kif there is freedom in the mode expansion to do this. Adds GW

to compensate, breaks old r limit. T/S (k) can cross unity. But log priorin €
drives to low r. a B-pol could break this prior dependence, maybe Planck+Spider.

-omplexity of trajectories arises in many-moduli string models. Roulette example:
4-cycle complex Kahler moduli in large compact volume Type lIB string theory
TINY r ~ 10710 ifthe normalized inflaton Y <1 over ~50 e-folds then I < .007

Ay ~10 for power law & PNGB inflaton potentials

Prior probabilities on the inflation trajectories are crucial and cannot be decided
at this time. Philosophy: be as wide open and least prejudiced as possible

Even with low energy inflation, the prospects are good with Spider and even

Planekto either detect the GW-induced B-mode of polarization or set a powerful
innar limit acgainet nearbv riniform acralaratinn RAarh havae ctronog CAan realae CMEDOI
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3-parameter parameterization

wla) =

where
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Beyond Einsteig panel: LISA+JDEM
Forecast: o MeBH (2300 hix+ 500 low-2)
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Inflation now summary

the data cannot determine more than 2 w-parameters (+ csound?). general higher order Chebyshev expansionin 1+w
as for “inflation-then” £=i 1 ~] ) is not that useful. Parameter eigenmodes show what is probed

The w(a)=w,+w_(1-a) phenomenology requires baroque potentials

Philosophy of HBKOT: backtrack from now (z=0) all w-trajectories arising from quintessence (g, >0) and the

phantom equivalent (€, <0): use a 3-parameter model to well-approximate even rather baroque w-

trajectﬂrles We ignore constraints on O-density from photon-decoupling and BEN because further trajectory
extrapolation is nesded.

For general slow-to-moderate rolling one needs 2 “dynamical parameters” (a_, € ) & () to describe wto afew %
for the not-too-baroque w-trajectories.

a_is not well-determined by the current data: to +-0.3 in Planck1yr-CMB+JDEM-SN+DUNE-WL future

In the eariy-exit scenario, the information stored in &, is erased by Hubble friction over the observable range & W can be
described by a single parameter €.

a 3™ param f__',s, (~dE, fdIna) is ill-determined now & in a Planck1yr-CMB+JDEM-SN+DUNE-WL future
To use: given V, compute trajectories, do a-averaged £_& test (or simpler g -estimate)
for each given Q-potential, velocity, amp, shape parameters are needed to define 2 w-trajectory
current observations are well-centered around the cosmolegical constant £_=0.0+-0.25
in Planckl yr-CMB+JDEM-SN+DUNE-WL future ¢ to+-0.08
but cannot reconstruct the quintessence potential, just the slope £_ & hubble drag info

Aside: detailed resuits depend upon the SN data set used. Best available used here (132 SN). soon CFHT SNLS ~300 SN + ~100 nen-CFHTLS.
will put all on the same analysisicalibration footing — very important.

oiewrstsE HTLS Lensing data is important to narrow the range over just CMB and SN
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