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Dick Bond+cast of 1000s Probing the Cosmic Theory of Early&Late Universe Physics

Prob (cosmic parameters & trajectories | CMB+LSS data, theory-framework)

morphs into the nonlinear Cosmic Web: clusters, filaments, voids; galaxies (SZ)
gastrophysical simulations with feedback from AGN / starbursts / SN .. confront CMB+LSS data

The Planck one-year all-sky suruey Eesa (c) ESA, HFI and LFI consortia, July 2010
Beyond the standard model: tilted ACDM + x
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IT from BIT from BITs in IT

“Now I am in the grip of a new vision, that
Everything Is Information. The more | have

Studying the Cosmic Tango
. en-TANGO-ment U=S+R

pondered the mystery of the quantum and our BOlth ann

strange ability to comprehend this world in which — ,

we live, the more | see possible fundamental S=kg/n Nistates ST

roles for logic and information as the bedrock of dS / dt > O peTAn

physical theory. ... | continue to search.” 83.6 i
SU,m+r ~10%%

information-content =entropy Quantity not Quality Shannon 1948

01219 asymptotic DE

(the coherent and the entropic, in all its forms, from ultra-early-U to ultra-late-U) c'. SG ~1

our Cosmoticians’ Agenda: Statistical Paths in Cosmic

Theory & Data via the Bayesian chain drawing what we know of
It from Its Bits

P(q|D,T) =P(D|q, T)P(q|T)P(T)/P(D|T)  Shannon S¢(D,T)=I dq PrlnP¢-| &
D=CMB,LSS,SN,...complexity, life o
T=baryon, dark matter, vacuum mass-energy densities,...,

early & late inflation as low energy flows on a (string) landscape

Old: Theory prior = delta function of THE correct one&only

New: Theory prior = probability distribution
of late-flows on an energy LANDSCAPE

the emergence of the collective from the random: coherence from driven
zero-point vacuum fluctuations = V inflaton, gravity waves; decohere

let there be heat: entropy generation in preheating from the coherent inflaton
(origin of all matter)
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GPC: 3780 nehalem nodes=30240 cores
306 TFlops debut as #16 in Top500

TCS: 104 P6 nodes=3328 cores
60 TFlops debut as #53 in Top500 ->80

1.4 Pbytes storage




fluctuations in the early universe “vacuum” grow to all structure
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fluctuations in the early universe “vacuum” grow to all structure

density
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dS/dt 2
how most of the entropy

in baryons & dark matter
was generated

strain waves break => clusters/groups (galaxies/dwarfs) in the
cosmic web collapse => shocked gas & extreme nonlinear
phase space entanglement of dark matter / stars

then the baryons feed back entropy: exploding stars,
accreting black holes, dusty radiation,

... who, what, where,when, why?

Secondary Anisotropies
(tSZ, kSZ, WL, reion, CIB; hydro)

morphs into the nonlinear Cosmic Web: clusters, filaments, voids; galaxies (SZ)
gastrophysical simulations with feedback from AGN / starbursts / SN .. confront CMB+LSS data
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entropy intermittency in the cosmic web, via gravitation-induced shocks (then E/S-feedback)
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entropy intermittency in the cosmic web, via gravitation-induced shocks (then E/S-feedback)
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entropy intermittency in the cosmic web, via gravitation-induced shocks (then E/S-feedback)
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non-equilibrium and non-thermal Entropy Profiles (M | z=0) for Mass-binned Scaled Stacked Clusters
zero point Sth,0 ~ 130 nats ~ 190 bits/baryon

L [ 6 ‘; ' :' ' VL
61— AGN %%edbaik,z=0 — : AGN feedback, z =0
"~ Thermal + Kinetic ] F T Dl e 105 Ny < My < 17 % 104 M
L T LI X104 Mg< My, < 17 x 104 M, — | AT T I0M MO <M <27 % 104 M. .
B Al 27X 10" MO 42N 10 ML S [ 27x 100 My < by <42 X 100M, A
§ [ 420104 Mo<My<65x10° My 1 s s STarx tor M
?@ | — ?:glxxl?ol?ﬂhg;Mﬁ;:j'1%7";‘1)612“1\2@ a2 L 101 x 10" Mg < May, < 157 x 10" My ]
2 20 ] &7
2 I ] g | ASdm
£ 0 74 . 2 oF ]
5 | Entropy-per-gas-baryon < | ~ Entropy-per-dark-matter
g § ol z :
i : TRso() TR\'ir : // g T Ry TR vir
40 ' ' —— ' | —4/:‘1 . . L . ]
0.1 10
iRy r /R200 0.1 e o r /R200
slope~3.04 =X-ray voi slope~15/8 =self-similar radial infall Navarro
_ ~0 1.0 Rl better-than-NFW fit to DM-only simulation density profiles.
Piin /Ptn~0.1-0.6! gas/star effect affect NFW-ism.
<( AV)2> /Csz affects hydrostatic equilibrium ongoing mystery - why halos have this entropy growth law

gps-cls ~150-190 bits/baryon, Asin~12 bits/b ; Skin+th-Sth~1bit/b

Asdam = 1/2 Tr In<(pkin | + Mkin) /Pam> - In pam ~7 bits/DM
zero point depends on type of DM, WIMP or axion or ...

cf. Sywv/ Np~1.66x10%(1+dy) bits/b
cf. AGN’s black hole entropy Sbh = Mbh2/2Mp2 ~1022 Sp; but Toh ~ 1071%0yrs
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fluctuations in the early universe “vacuum” grow to all structure
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pressure intermittency in the cosmic web, in cluster-group concentrations probed by tSZ
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2011 Planck ~200 clusters, SPT ~50 cls, AC
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pressure intermittency in the cosmic web, in cluster-group concentrations probed by tSZ
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Eeth(<ra)-M(<ra) aka Yszx-M relation, where

M(<Ra)/V(<Ra)=A perit, A=2500, 500, 200

Battaglia, Bond, Pfrommer, Sievers 1,2, (3,4) 2011: non-eq processes, p-profiles, YM, C.**

| | _ Planck-ESZ
2= 0 HSE corrected Wy . gives Ysrsoo
ol i gr;dzéc& al. 2010 (REXCESS) f f~_+%' . IS Ysz @ gooq
it i) mass proxy in
a;; e Planck Collaboration 2(:1.;} # ‘{H el (M, Z) ?
N "y P cven though
2 10 “turbulence” pkin/pth~20%A_effect virial theorem
asymmetry long/short <20% Y(e! K/U yuus | M)
effect; cf. spherical ~30% =S nC|(Y, Z)
, A input physics ~30% effect
100 4 By g v o)

10" 10"
M, IMal ACTers Sehgal+10: mass calibration still too uncertain for 0s& DE
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fluctuations in the early universe “vacuum” grow to all structure
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fluctuations in the early universe “vacuum?” grow to all structure
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¢ inflaton isocon  V(¢,x)=1/4 A o*+ 1/2 g2 ¢p2

Parametric
Resonance
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Old view: Theory prior = delta function of THE correct one and only theory
New: Theory prior = probability distribution of late-flows on an energy LANDSCAPE

* 6/7 tiny extra =~ ™
1980 Old Inflation — dimensions >
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h g Ne Inflation > . . \
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KLS94 heati
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~ inflation SUSY D-ter
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2000 _~—_Inflation
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moving brane : : arped Brane
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Roulette Inflation: a statistical mini -
landscape (one of very many) of the early
U origins of observed cosmic structure:

holey U: sizes/shapes of geometrical

structures such as holes in a dynamical extra-
dimensional (6-7D) space settling into a stable bit
of extra-dim at each point in our 3D space;

braney U: motions of lower-dimension subspace:

‘farfr\“
S
. . e
Preheating After m
|
Roulette Inflation $
i quantum R
diffusion N
spatial jitter L
drifte 9 |
N
na(x,nH)L
A
T
]
O
N
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Roulette Inflation: a statistical mini -

landscape (one of very many) of the early
U origins of observed cosmic structure:

holey U: sizes/shapes of geometrical

structures such as holes in a dynamical extra-
dimensional (6-7D) space settling into a stable bit
of extra-dim at each point in our 3D space;

braney U: motions of lower-dimension subspace:

kick: AQ/Mp~HIMp sqrt(A/na) grd ‘
beats
drift: AQ/Mp ~sqrt(€) Alna

in semi-ETERNAL INFLATION regime
at high H ~Mp
or at low H <Mp with a

very flat potential & tiny £

€ 4,=1+0= 3/2(1+wie(a))= -3/2dInp JdIna®

)
A

Preheating After

=X

Roulette InHation

quantum
diffusion

spatial jitter

: <>
dr'ftjzzl_

na(x,inH)

r>Z20m=-m

Z0——->rmnzZ—

let there be
heat
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Roulette Inflation: a statistical mini -
landscape (one of very many) of the early
U origins of observed cosmic structure:

holey U: sizes/shapes of geometrical

structures such as holes in a dynamical extra-
dimensional (6-7D) space settling into a stable bit
of extra-dim at each point in our 3D space;

braney U: motions of lower-dimension subspace:

kick: AQ/Mp~HIMp sqrt(A/na) grd

beats
drift: AQ/Mp ~sqrt(€) Alna

in semi-ETERNAL INFLATION regime
at high H ~Mp
or at low H <Mp with a
very flat potential & tiny £

or thru tunnelling between potential minima
deSitter(x,t) .. beyond horizon measurement

€ 4,=1+0= 3/2(1+wie(a))= -3/2dInp JdIna®

Preheating After
Roulette Inflation

quantum
diffusion

spatial jitter

: <>
d"ftjzz.!_

na(x,inH)

=X

r>Z20m=-m

Z0——->rmnzZ—
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quantum stochastic non-Gaussian time landscape cf. stringy landscape

Universe or

multiverse e na(x,inH)
: Starobinsky, ! vy 7 P
INIVERSE | Vilenkin, i d natural

Linde, SB, = consequence

Rees, ...,
stringy:
Susskind etal

of quantum
mechanics of
the U’s
uuUULSS on

na(x, nHa)

if quantum
diffusion >
‘classical’ drift

at high H
NIVERSE cf our observable

B2 % horizon (patch)
LLour atlow H

hor'zon this eternal inflatior

can happen even at

low H
INIVERSE Salopek & Bond 1991

IVERSE

' .~
3. V. &
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the gatherers of cosmic information

C osmic M icrowave Background +

Large aIeStructure experimental probes
then & now & then

near-future cosmology => Planck EX T st/

EXT=many observatories & expts enabling the cosmology/astro

cosmology: Ns(K), GW r(k), nonG fy++, pae(t), my, strings, isocurvature,... ne(t)

ACTpol, SPTpol, ABS, Spider, Quiet-90, EBEX, Keck, GBT, CCAT,
eRosita, PanStarrs, DES, HSC, LSST, cHIME, EucLID, . C EXT
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Standard Parameters of Cosmic Structure Formation

l A ns T = At AS
~ A dn /dInk Ty

+wo,wa O ~ N ang

new parameters: trajectory probabilities for early-inflatons|& late-inflatons

artially) blind cf. informed ‘‘theory” priors

standard inflation space: n_ dn_/dink r=T/S @k-pivots Dunkiey+ 2010 ACT+WNAP7
Keissler+ 2011 SPT+WMAP7

InPowers~n25x10-1° + 0.03
n,=0.963 £ 0011l (ACT+WMAP+BAO+HO0)

dn./dink = -0.024 * 0.015 (ACT+WMAP+BAO+HO0)
r<o0.19,0.17 (95% CL, ACT+WMAP+BAO+HO, SPT+...)

Hlozek+ 11 Primordial power spectra(k); Bond, Contaldi, Huang, Kofman, Vaudrevange 2011 w/o & with T-S consistency

Inflation Histories
(CMBall+LSS+SN+WL)
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h +X gravitons generated as acceleration-driven
zero point fluctuations during early universe inflation

induce CMB (B + E) polarization

r=GW power/scalar-curvature power =0.008V/(10'sGev)*
r<o.19,0.17 (95% CL, ACT+WMAP+BAO+HO, SPT+...)

What is Predicted?

Smoothly broken scale invariance by nearly uniform brakinﬂ (std of 80s/90s/00s)
r~0.03-0.5, but could get much lower r as we

or highly variable braking (stringy cosmology, branes & holes) r<10-1
monodromy (V=cosinetlinear) & fibre inflation => larger r~.03; superconformal supergravity r ~.003-.3

Lyth bound: small field inflation (field moves <Planck mass = r<.007)

(14W) = - dinpt / dIna’ = 2/3 €

e inflation consistenc
CMB Polarization, Gravity Waves [ St =Nt ~r/8 =2¢& ( k
(Planck, ACTpol, ABS, Spider, Quiet2) ;& ;. - o~
r=T/S, acceleration trajectories e == Ny -Ns ~2 & +d l n 8/ d l n H d
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'r<0.19 (95%CL ACT+WMAP+BAO+HO0) dn./dink
E Dunkey ot o, 2010 ¥
[ un . ] | ]
0.6 e’ oF. v=60 _ Sept10 data - r S ‘ |
I : - Sept10 data
Fozf o | : dn_/¢ D.024 * 0.0
r. [
0.4 o %
0.0 { S , y I
' 0.94 0.96 098 1.00 102 dns/dlnk
r = 0.13 dinVidiny?
 large-field
4
. N
0.2}
small-field m’¢’
0 : _ roulette & b
n fo rec a St fo r ’=0 Bond, Contaldi, Huang, Kofman, Vaudrevange 2011
S 0.95 Planck?2 5vr ]
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0.3

l 1]
Farhang, Bond, Dore, Netterfield 2011
Plonck, fsky=0.75 arhang, Bond, Dore, Netterfie

Spider, fsky=0.15 Spider24da¥s+PIanck2.5yr:

’ r-nt forecast
Spider+Plonck for r=0.12 input for m%g?

(201 ~0.02 including fgnds)

forecasted r-posterior
IIIIII| T l""l'| T l"""|

0.2

1 == - T —
L i ™. ACT+WMAP7 |
i I\ ACT+WMAP7+LSS
. ! \ 7
- i . - B ]
o v | \
0.8 | Pl [ \ Spider f,,~0.08 -
HE o | \
| rp=0.001
0. 1 BosfF : | 7
S i Spider-lik
© B | i
é | CMBpol—like |
04 | o=2x10 -
L irga=1074, o =2x 104
: : I~Lyth bound:
9 |
02 [ ¢1/4V ¢ ¢ ¢ ¢ —
0.0 s
o TS

-0.5 0.0
n,
inflation consistenc
-nt=r/8 =2&(k
1-ns =2&+dine/dinHa
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0 ,»'r""| | 1l NG
O 5 0.001 0.01 0.1
v r = tensor—power/scalar—power

Inflation Histories
(CMBall+LSS+SN+WL)




S-power spectrum trajectories: compress data onto k-modes cubic splines

g X107 ———
I N PS (In k) ACT+WMAP7 x10~%
2.7t
Ll 26t
2.5F
%.431» ¥
E 6F ;5? :‘-ﬁ"* _:F:‘-—‘d-'_‘— =
2t o
8- 5 B Y Tg I PR |
v i 10~
o
g 4 i
o
'?3 L 1
B3 |
S kFao_111 .
£ [
£ of
¥
3
1 * ACT+WMAP+ Hp T
WMAP + Ho
O l L 1
102 10-2 10!
k [Mpc-l] Inflation Histories

Hlozek et al. 201 | (CMBall+LSS+SN+WL
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compress data onto non-top-hat k-modes .,

partially-blind scalar In-power trajecteries & usual

r-n: tensor - no consistency relation. 10.09 data

100 . S .
\ — Py best-fit
\\ . .
\\\\ -~ = Pg 10 trajectories
Wi .
A — Pr best-fit
NN : :
W\ Pr 1o trajectories
A
W  \ ———. 2.2
W \i\ m”~¢~ model Pg
F
a
S
=
% 10 /
r / « 0"
S £ \ of
4 Vab i
= £s=- b |
g —LrL =
£s .
T
&
_____ i
| = A T
! o ACTWMAP+ M,
WMAF M
M T o
K Mpe!
| |
=5 0

Inflation Histories
(CMBall+LSS+SN+WL)

In [ k/Mpc ™' ]

Bond, Contaldi, Huang, Kofman, Vaudrevange 2011

1(1+1)C,/ 2m(uKe)

1(1+1)C,/ 2m(uKe)

4000

2000

0.1

0.08

0.06

0.04

0.02

——WMAP7yr data
——Boomerang data
—totCls, best—fit
.......... totCls, 1 o
tensCls, best—fit
.......... tensCls, 1 o

7 knots
semi-blind

BB Spectrum

totCls, best—fit
............ totCls, 1 o

- tensCls, 1 o
7 knots
semi-blind

T A

tensCls, best—fit

10 100
1
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compress data onto non-top-hat k-modes .,

partially-blind scalar In-power trajecteries & usual L T Beomerang data
r-n: tensor - no consistency relation. 10.09 data - lotCls, best-fil
ns oc etvaata ,

T T T T T T L tensCls, best—fit
\ — Pg best-fit 1 e tensCls, 1 o

. . = 4000 - 7 knots
-~ Py 1o trajectories 5 semi-blind
— Pr best-fit &
Pr 10 trajectories Q—
2,2 — i
——-m"¢" model Pg =
= 2000 |- j
& -
2 5 2
(@) ~ 4, e e i
o. 19 T T T TTTIT T
= 10l B 1 10 100 1000
&) /
A 3 J ] BB Spectrum !
SO ‘,/ i 0.1 totCls, best—fit
B T e e N S totcls, 10

tensCls, best—fit
- tensCls, 1 o

= 0.08 u ]

> L 7 knots -

\:J - semi-blind -

: 0.06 —

/Li o 4

| :

= 0.04 —@ —

_I5 | | | | (I) 0.02 _ | | ]

T In [k/Mpc ™' ] ]

Inflation Histories : ® .
(CMBall+LSS+SN+WL) Bond, Contaldi, Huang, Kofman, Vaudrevange 2011 0 o s e
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scan ns(Ink), InAs=InPs(kpivots), F(Koivott); consistency =z,

partially-blind acceleration trajectories obeying
tensor/scalar/s consistency relation. 10.09 data

100

Az _~ _ -
-7 - P
- /// _

%/%f

N

Y

NN

| b

W/

—
— Ps best-fit

-~ Py 10 trajectories
— Py best-fit

-~ Py 10 trajectories
-=-m’¢* model Py

Inflation Histories
(CMBall+LSS+SN+WL)

In [ k/Mpc” ! ]

Bond, Contaldi, Huang, Kofman, Vaudrevange 2011

1(1+1)C,/ 2m(uK?)

1(1+1)C,/ 2m(uK?)

4000

2000

0.1®

0.1

0.08

0.06

0.04

0.02

| ——WMAP7yr data F“' 1
Boomerang data

——totCls, best—fit

.......... tot_ClS, 10 3

L tensCls, best—fit 4

---------- tensCls, 1 o '

— 7 knots -

single—field prior

- IT _

ITTPRTTRTITIee .
H ] i I , 1

T e T T T T o0 T Thoo

BB Spectrum

totCls, best—fit

............ totCls, 1 o

tensCls, best—fit
- tensCls, 1 o

7 knots

single—field prior

T T T I T T T I T T T I T T T I T T T I T T —

1000
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compress data onto non-top-hat k-modes .,

partially-blind scalar In-power trajecteries & usual L T Beomerang data
r-n: tensor - no consistency relation. 10.09 data - lotCls, best-fil
ns oc etvaata ,

T T T T T T L tensCls, best—fit
\ — Pg best-fit 1 e tensCls, 1 o

. . = 4000 - 7 knots
-~ Py 1o trajectories 5 semi-blind
— Pr best-fit &
Pr 10 trajectories Q—
2,2 — i
——-m"¢" model Pg =
= 2000 |- j
& -
2 5 2
(@) ~ 4, e e i
o. 19 T T T TTTIT T
= 10l B 1 10 100 1000
&) /
A 3 J ] BB Spectrum !
SO ‘,/ i 0.1 totCls, best—fit
B T e e N S totcls, 10

tensCls, best—fit
- tensCls, 1 o

= 0.08 u ]

> L 7 knots -

\:J - semi-blind -

: 0.06 —

/Li o 4

| :

= 0.04 —@ —

_I5 | | | | (I) 0.02 _ | | ]

T In [k/Mpc ™' ] ]

Inflation Histories : ® .
(CMBall+LSS+SN+WL) Bond, Contaldi, Huang, Kofman, Vaudrevange 2011 0 o s e
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S,L power spectra trajectories: compress data onto non-top-hat k-modes
Bond, Contaldi, Huang, Kofman, Vaudrevange 2011

Spider-24days + Planck-2.5yr + ... 11/7 knot InPs +r-nt forecast for r=0 (+ fgnds)

100: T T T T T T T T T T T i 100 A T T T T T T T T T T T T T T T T T T
' ] - SPIDER + PLANCK + EUCLID + CHIME
r 7 knots, cubic spline
e i [/—L .
- L
g %
3 10 = a -]
—— Py best-fit : 5 - £ forecast -
--=-Pg 1o trajectories C 2 8 ]
= o o
= ~==-"Pr 1o trajectories —_ X X lo 2y
s Yy r —— best-fit 2
s
S . 1o P,
S - 1 8 1 —— best-fit P, E
S '
01. - . 0.1 E
100 _ - - .
— Py best-fit \
I L S . . bump: out 0.01 1 1 l 1 1 1 l 1 1 1 l 1 1 1 l 1 1 1 l
‘Ps 10 trajectories i -4 -2 0
L - fiducial P = bump in In [k/ Mpc-1]

10"P

N \\\
101 N
. A

\

Inflation Histories
(CMBall+LSS+SN+WL
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Old view: Theory prior = delta function of THE correct one and only theory
New: Theory prior = probability distribution of late-flows on an energy LANDSCAPE
6/7 tiny extra =~

1980 Old Inflation — dimensions
Chaotic inflation \

h g Nelnflation o — ) o
4 Double Inflatior Power-law inflation) - "SUGRA inflation >
87/03@Radical BSI inflatio Etonded et
Hybrid inflation *

1990

MpNGB inflation *
KLS94 preheating O ) ) ,

| SUSY F-term Assisted inflation
, inflation SUSY D-ter
- '.._- : inflation Brane inflation
@ SUSY P-ter Super-natural
2000 Inflation @

2003 KKLT N-flation ekpyrotic/
D3,D7 brane inflation > DBI inflation cyclic
moving brane : : arped Brane
separations CRacetrack inflation>_Tachyon inflation inflation (%)
moduli fields ?xt@ﬁulette inflation Kahler moduli/axion> o a2

Higgs inflation ()
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tnning (nee variable Mp) inflatior
Higgs inflation




Coherent Inflation with Quantum Jitter to Hot Big Bang, an Incoherent Particle Soup

how (most of) e €@NTIro PV in matter
=> GUT plasma/quark soup => S(y,v) was

generated (:rougn a shock-in-time)

via nonlinear coupling of the inflaton to

New interaction channels g, a ultimately to g
standard model degrees of freedom -
3 a role for decaying particles, 1st order phase transitions?

exactly who, what, where, when, why?
we search for fossil “non-Gaussian” structures from this period with Planck + WMAP9

non-Gaussianity
(WMAP, Planck, LSS)
spiky nG preheating




¢ inflaton isocon  V(¢,x)=1/4 A o*+ 1/2 g2 ¢p2

Parametric
Resonance
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Roulette Inflation: a statistical mini -
landscape (one of very many) of the early
U origins of observed cosmic structure:

holey U: sizes/shapes of geometrical

structures such as holes in a dynamical extra-
dimensional (6-7D) space settling into a stable bit
of extra-dim at each point in our 3D space;

braney U: motions of lower-dimension subspaces

0-30

pre-heating patch (<1cm-now, <1 cm-then)

www.youtube.com/watch?v=FW__ su-W-ck&NR=1

spatial jitter ‘Io_‘
i >
drift —

let there be
heat

Z0——->rmnzZ—

39
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http://www.youtube.com/watch?v=FW__su-W-ck&NR=1
http://www.youtube.com/watch?v=FW__su-W-ck&NR=1

Roulette Inflation: a statistical mini -
landscape (one of very many) of the early
U origins of observed cosmic structure:

holey U: sizes/shapes of geometrical

structures such as holes in a dynamical extra-
dimensional (6-7D) space settling into a stable bit
of extra-dim at each point in our 3D space;

braney U: motions of lower-dimension subspaces

pre-heating patch (<1cm-now, <1030 cm-then)

A visualized 2D slice

in lattice simulation

www.youtube.com/watch?v=FW__ su-W-ck&NR=1

let there be
heat

Preheating After

Roulette Inflation

=X

m=im

quantum R

diffusion N

spatial jitter ‘Io_‘
<>
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http://www.youtube.com/watch?v=FW__su-W-ck&NR=1
http://www.youtube.com/watch?v=FW__su-W-ck&NR=1

coherent inflaton => incoherent mode cascade of fields thru a shock-in-time to thermal equilibrium

SUi~0; Sutotm+r /Nb ~1.66x7079 bits/b; sy/ ny = 5.2 bits/Y = 2130/411; sy=21/22 s
100 5

In pl<p> power

T off/M=174.58 In(a)= 0

spectrum i
cf.

instantaneous
full thermal ©-01
spectrum

cf 0.0001
conventional
energy

spectrum 1e-06
using a
pseudo

: 1e-08
particle
occupation 1
number le-10 } I3 Pin siinbalivgaia) |
Rad. Bath (g.¢ =100)
k3N o
1 10 100 B+Braden11
non-Gaussiani
I</m momentum (WMAP, Planck, LtéS>

spiky nG preheating
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the Shock-in-time: entropy production & (density-contrast)‘1

10000 : : 3
shock@ | true
g Inashock | thermal
: 100 | Ashock | aquilibrium
a = mediation:
width | faroff
10 density-”Mach-number” \
23 + : + : : : + }
20 |
s | S & onto
entropy-per-mode relative to initial .
§ 107 coupling to
£ 0 | standard
T a0 model
6 1 degrees of

0 05 1 1;2(6) > 25 3 35 4 freedom
V(d,0)=1/2 m2 p2 +1/2 g2 ¢p2 %2

constrained coarse-grained Shannon-entropy(In a) minus the initial

Gaussian random field entropy (from band-limited quantum fluctuations) non-Gaussianity

(WMAP, Planck, LSS)
spiky nG preheating
there is indeed a spike of entropy production at the shock front. B+Braden11
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the Shock-in-time: entropy production rate

1 1

T T : ShOCi( @ d(5)/d(nt)
2.0e-84 -g dSldt(t,g) => | In ashock | 1
4.8e-84 - % Ashock s

= mediation i

6.8e-84 - 6Inashock (g(c(x)) ‘_.‘ h width d i
wsoe0qa - => Modulated non- - 0.2

S S 1t o
Gaussianity from - - P
T preheating! o
1.2e-83 - =T o |
..-":_
1.4e-83 - -t J
a a.5 1 1.5 2 ?.; 3 3.5 4
In{a) In(a)

V(d,0)=1/2 m2 p2 +1/2 g2 ¢p2 %2

non-Gaussianity
(WMAP, Planck, LSS)
spiky nG preheating
modulated non-G Kofman03
B+Braden11
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gzlf\m,h§ :5

the Shock-in-time: entropy production rate

4] a.5 1 1.5 2 2.5
In{a)

i g | | | | | | shoci(@ d(s)/d(nt)
il dSldt(t,Xi) => s In dshock | .
1 je-04 - ~ Ashock - e
| % =mediation 0.6
Je-84 - 6lna—shock (X(X)) width 0.4
{re-ea - =>resonant non- -
— wos . Gaussianity from
= preheating! -
z_ . le=83 - ‘:; e
- o
; le-83 - -,_; : ]

|

™I Y v v Y Y vV v vy v
wr WWWN
\
b J o b- 1N & .- ® .
L .
=
— Al RS d L -

In(a)

Chaotic Billiards: NonGaussianity from
Parametric Resonance in Preheating & fNLequiV

V(¢,x)=1/4 Ap* +1/2 g2 G2 %2
INAL (alxl)) ey s Kofnan 9
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... Dark Energy Histories

(SN+WL+BAO+CMB+cls)

» -~ future fate?

the cold-death of the o7
Universe (cf. 1800s heat-death)
CO h e re n Ce (dark energy Pdel(t,x) =>Vde ~/\)

beats INCONEGIreNCe vv.hic.pne

but entropy/particle
remains (for those particles that survive)




“*once for “dark energy’

Pl PV e’
fmdl s

--------

> aka the cosmological constant

crnovac

Q

. ) Dunkley et 2011 cosmic parameters

- 0,=0.736 £.012 = 0.001

B+Huang 201
2011: WMAP7+ACT+BAO+H0

dark - 1 much invoked
eneIQQ M h Slnce
Lange et 2001, Jaffe et 2001 | Peebles 1985
< 0.6 - a neo-Lemaitrian
c 499+toco+B97 .
+MAXIMEECI) ond B98 WYSIWYG
- BBES87, PR
Sherwin et 2011: 0.4 Cm o Welnge,r9878,8.:.
A from CMB alone ..
ACT 2011 0.2 1 CMB+LSS
DE from CMBLens ‘ 1996/98
tatucens | ). Y L P\ I DE wlo SN
0.0 02 : 08 1.6 1.2 1.4]002040608 1

dark matter + baryons

B
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ACDM was the
standard
“concordance
” model since
~1995;

........................




to DE (t,x)
or not
to DE (t,x)
that is the
question

Saturday, 17 December, 11

1+Wt—-d ot | dina®=2/3E (b

1.5

" deceleration

[

7 current
= CMB+LSS
1 +SNLS3++

ed 1N
o Q)
%Y

'\(\‘0‘

acceleration

| SN: Physics Nobel Prize 2011\

best-fit

1o trajectories
ACDM best-fit

1 e-fold

0.5

a




to DE (t,x)
or not

to DE (t,x)

that is the

question

-2
V=V,¢
Q =0.25

m

0

informed= o s ]
3-parameter | e
] 05 | N
: —~T /-
Wde(a|V(L|J),|()) :%:
:= W(alesgdewgsz _: — : L :_
paves even wild late] . %
:/nflaton trajectories m
?f' _ " -3 Ideceleration ;:’/-
semi-blind facceleration 7.~ _-
eigen-analysis | £ _
=1 L
’ __ V=V, [1+cos(¢/0.6) ]
L Q=027
wde PNGB z

|

I
m
O]
W,
/]
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to DE (tx)|
or not

to DE (t,x)

that is the

question

!;

14w

Slog,o(d; /dy o¢)

[

T 7 T 1 1 gt 111 7 1T 1
- 1 I I ]

|
[
w

0.1

c

-0.1

SNE Physics Nobel Prize 2011

ode | dina3=2/3& ge(t)

L) I T
best-fit
1G trajectories

Z

1

QB A

current |

CMB+LSS
L FSNLS3+H -

0.5 1

o~

a

atx H tx € (t,X)

acceleration< 1

L current —
SNLS3++

| ' : |
best-fit 4

1G trajectories

S,

Bond, Huang 2011 ]

—

4—— SN data

-
-
-
-
—
-
-
-
-
—
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to DE (t,x)
or not £
to DE (t,x) “
that is the TR
question [

. I;’

e
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best-fit
1G trajectories

Z

1

current




to DE (t,x)

or not ' ¢ Da
to DE (t,x) .gu
that is the TR
& ™

question

modify
| f’j Einstein
& {;,

equations?!

nein

-
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best-fit
1G trajectories

Z

1

current




to DE (tx)|

or not

to DE (t,x)

that is the R
question

best-fit
1G trajectories

Z

modify
Vs Einstein M
¥ equations?! ¢

/. < neii ja
J conformal

actor
dynamics

ge/gJsD~

p——

| generalized JBD,
& B | Gno) f(R) etc
aka La(R,9) =

aha

\ 1 fifth+ forces in
=~ FEinstein frame |
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