Title: Cosmological Landscape From Nothing: Some Like It Hot
Date: Oct 10, 2006 02:00 AM

URL.: http://pirsa.org/06100008

Abstract:

Pirsa: 06100008 Page 1/45



plin, sy e — = P e e = e
S [ } { == e o
o S Er S — -'-l“-!l i e ey || "--m'J b 2
ol
& E
e gl @ E - Y § =T B _WE_"
o e f.:"i 1 e e i Y Y
! 1 |
near | ' & e
'W‘
L o iy, sy = = i N Fal .
.\“‘h._ | 1 i =t | el o= | Y |
gt S _— T— i A e = | I et

A.O.Barvinsky

Theory Department, Lebedev Physics Instiiute, Moscow

and
A.Yu.Kamenshchik
Landau Institute for Theoretical Physics, Moscow
and

Uiparimento di Fisica and INFN, Bologna, Italy




- sy = £ e B =T o ey M.1 -
(Y ( )( ] i | AT1(1
Vg g ".-.-.- S -, | "\q'lf. "-l“:f 1 .:_ :'W"'.l | B ™.
-
'2: g e Jy, iy | *-L iy, i
i o B ! F o W P ] .i 1
- L L S | - |
=
e 1 Y
5 g g iy == | Falk
.H"‘-, ; 1 ) . W i I.—i | 1
L S e s § § % | & | |

A.O.Barvinsky

Theory Department, Lebedev Physics Institute, Moscow

and
A.Yu.Kamenshchik
Landau Institute for Theoretical Physics, Moscow
and

Cliparimento di Fisica and INFN, Bologna, Italy

Janes

3

Mepexos,

JanHcHEA EHMMES. .
JSMETEM A0KN3AHHES
YEazarens
=Epar
CrpasKa

FEEEOWMTE NOKaS CNaMi08



T el =l P | P e = al el W
| E o | | { == = | 1 et | )
Y’ Tap® e || | L W | e e | Yl Tap tug® Sl P

- :
'\c'n: Y = :-'“"_ et ol I1 gty e =
e I | '--"! - '-u"j
e ] '.
-~ NnMma Fg = = —t T
gt R e C— L = e
= nee
A.O.Barvinsky =
Thgur‘:. [le partment, L ehedey Bhucice Inctitiita Mocc o
HaEMraTop Cnanans ”@Eﬁ}ﬂ
andg . -
Beifop Caiaa no HHes  k FEMMCHEA KHHEEE. ..
A.Yu.Kame
FEMETHM 40K 49K
Landau Institute for Theore
YEazarens
and——
3 : s aH
Uiparbmento di Fisica and INFMN, Bologna, Italy =
Chpaska

FSEEOWMTE NOKaS CNaM 408




el = ol e I = =2 Fa
| e ¥ { | i - | | Sy,
o \-rwl' S - | =g "-l“-f Am— el aget
-
P B, |
e | [Pl W E, &’ Jui (e Ay S =
-’ 1 | { /L -
'
_,J:-D-_..
4 = e W A i N
.-“q“’b._ el SO r— | 1
S S’ — L 5 Yo

A.O.Barvinsky
Theory Department, Lebedev Physics Instiute, Mosco
and

A Yu.Kamenshchik

Landau Institute for Theoretical Physics, Moscow
and
Uiparbmento di Fisica and INFM, Bologna, Italy

i

)

(.

a

Ab)

=




Introduction

Motivation: search for selection rule restricting landscape
of stringy vacua e

quantum cosmology and Euclidean
quantum gravity
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* Lorentzian spacetime

¢ 3
W ~ exp(—S = ex )—-,.;’\—G
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Cosmology debate: no-boundary vs tunneling

Yy 1T ~ exXp(FSg)
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Wheeler-DeWitt equation
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Introduction

Motivation: search for selection rule restricting landscape
of stringy vacua e

quantum cosmolegy and Euclidean
quantum gravity

* Lorentzian spacetime

- f 3nx
Ty ~ exp(—Sg) = exp ( 2(%) — o0, N—0

Cosmology debate: no-boundary vs tunneling

Yyn,T ~ exp(FSg)
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Wheeler-DeWitt equation
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This is how cosmological landscape comes out of
Nothing, if some really like it hot
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From the pure Hartle-Hawking state to the statistical
ensemble — density matrix:
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From the pure Hartle-Hawking state to the statistical
ensemble — density matrix:
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Main effect
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Effect of radiation

ds® = N2(7)dr? + a*(7) d29(3),

f = 1_ H2 _ ¢
a? a2 a®
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Calculation of partition function —toroidal instanton
with periodically identified Euclidean time

% by
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trap: back reaction of radiation supports instanton
background on top of which this radiation exists
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Effect of radiation

ds? = N2(7)dr? + a?(7) d2Q3)
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Calculation of partition function —toroidal instanton
with periodically identified Euclidean time
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Sootstrap: back reaction of radiation supports instanton
background on top of which this radiation exists
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Outline

Density matrix vs pure Hartle-Hawking state
Back reaction of hot (radiation-like) quantum matter

Conformal anomaly and ghost-avoidance
renormalization

Effective (modified Friedmann) and bootstrap
equations

Elimination of infrared catastrophe of small A

Bounded cosmological landscape of instanton
gariands --- new quantum scale

Limiting the landscape of stringy vacua?
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Back reaction: nature of approximation

[9.2] = [90(7).2(z)]

golr) = (al+). N(7+)

eI = / Dgg(7) exp (— I'[go(7)] }

\\1

Plx) = (Ax) d{zx), Aulz), hmlz), ...)

quantum “matter” —
cosmaological perturbations
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Conformal anomaly and ghosts

Conformally invariant gquantum matter
Conformal transform to static Einstein universe

ds? = ?(n)(dn® + ?QP) @) d5? =dn® +d*Q)
conformal time Weyl tensor
N

w

u

(ﬂjRJr BE + ~C?

L x| :J'-}

= 1’-}
OGuv 4(4*"-)2

I't _100pl9]l = N _100plg1+AIg.9]. (z) = 7 g, (z)

To.al=—+  [dAea12[1[. &2 (a 2=0\]
&!['J‘u]_ztd_—ljzl d Irg {2--'(““4‘.]'_;_ j'(.lta _3__{1}}
jl;- — 2 2— — 2-'}
Lle )= - R (V0o
+2 (@2 + S R(Tu)?|

!

O X (A w— ghosts (BAD!)

T Coefficient in the conformal anomaly



Finite ghost-avoidance renormalization:

a—ap=~0
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For low spins:
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Effective action on a static Einstein instanton
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Finite ghost-avoidance renormalization:

a—ap=~0

i & g 3.5
Iy — I'p — 2 3 d'r R (¢
1-toopl9] = I'rlg] = I —i00pl 9]+ 242 12. / rg (9)

Conformal anomaly contribution:

; - =4
- 1«
AT(g.5) = I'rlg] — Trlg) =m3 B [ dr (“_ -2
. a a )

3

.

m% fF =

W

I ]'E

er density coefficient in the
confarmal anomaly

For low spins:

—1 2
n=i‘>< T ] = 1 W 11 =
% |18 W0 o ~

—'u\f_ zeta-functional and
s point-separation regularizations

gt " |



Effective action on a static Einstein instanton

"11—Fr:uop[a] = ’”}?ﬂ Eono + F(mg)
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Finite ghost-avoidance renormalization:

a—ap=~0
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Effective action on a static Einstein instanton

rl—ﬁcjop[.‘j] — ”‘}?ﬂ Eono + F(mg)
m .P = + b, T :
pEQ = L.. 5

F(ng) =% Z In (l = f.'_'”"'”:’}

—L ghost avoidance renormalization

I'rlg]l = m% Cong + F(no)

3
m% o= m% Eg+—a,_
_ 16 coefficient of | [{ in anomaly
1 [ - i | vacuum (Casimir)
.r.‘rrj: kg=—x<{17 energy fulﬁn:alﬂrs 5pmors ﬂl‘H|
960 188 vectors (positive for tatistics)

Important universality

m5Co=_—mpB =

gt o 3 |



Effective Friedmann and bootstrap equations

lapse function
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Effective Friedmann equation (via variation of N(t))

anomaly
contribution
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Effect of anomaly and bootstrap:
beginning of landscape

The same two turning points (4 provided ﬂ% = B
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Effective Friedmann equation (via variation of N(t))

anomaly
contribution

B . dF(ng)
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Effect of anomaly and bootstrap:
beginning of landscape

The same two turning points (4 provided ﬂz_ > B
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Elimination of infrared catastrophe

EBelow the straight line boundary the turning
point a_ disappears and the instanton closes

ata=10D .
I da
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pootlsirap c—> { — 5 a—1 a—0

This is exact deSitter HH instanton with the ef-

fective Hubble constant H+ = (1 + (1 — 2BH2)1/2) /2B
(Euclidean version of the Starobinsky solution

in R2-inflation)

Effective action of the HH instanton f_o = FHH
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HH vacuum instanton is dynamically ruled out by the
conformal anomaly
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Effect of anomaly and bootstrap:
beginning of landscape

The same two turning points Cl:t provided ﬂz_ > B

I
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Elimination of infrared catastrophe

Below the straight line boundary the turning
point a_ disappears and the instanton closes

at a=0: .
I da
"y~ / e
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F(ng) ~ F'(ng) — 0
: B
bootstrap =—> £ —s 5 a—1. a— 0

This is exact deSitter HH instanton with the ef-

fective Hubble constant H+ = (1 + (1 — 2BH2)Y/2) /2B
(Euclidean version of the Starobinsky solution

in R2-inflation)

Effective action of the HH instanton fo = f}ﬂf
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" daa 3a“
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exp(—Iyy) =0
HH vacuum instanton is dynamically ruled out by the

conformal anomaly
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Lower bound on the cosmological
constant range

Above the straight line boundary:
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One-parameter family in (H2.C)-plane ¢an only interpolate between the
upper (hyperbolic) and lower (straight) boundaries at H=>0
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Effect of anomaly and bootstrap:
beginning of landscape

The same two turning points (4 provided ﬂ% 8
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Elimination of infrared catastrophe

Below the straight line boundary the turning
point a_ disappears and the instanton closes
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This is exact deSitter HH instanton with the ef-

fective Hubble constant H+ = (1 + (1 — 2BH?2)1/2) /2B
(Euclidean version of the Starobinsky solution

in R2-inflation)

Effective action of the HH instanton fo = FHH
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HH vacuum instanton is dynamically ruled out by the
conformal anomaly
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Lower bound on the cosmological
constant range

Above the straight line boundary:

bootstrap

H% 0 =3 ng—00 =5 - B2

One-parameter family in (H2.C)-plane ¢an only interpolate between the
upper (hyperbolic) and lower (straight) boundaries at H=>0

A =3H? > Amjn > 0




One-parameter family of instantons
(conformal scalar field)

H< ~ 12.968 m%, C = 0.0193m

H? ~ 2997 m%, C ~ 0.004 mp>,

H
wy/1—2BH?

T =
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k- folded garland, k=2.3....
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k-folded conformal time

k=2 garland
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k272
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Increasingly long n;~ log k=, increasingly static and more and
more cold garlands saturating the upper bound of landscape --

Planck mass

Sty

4 (P = >
NAmax = __ — m p mp =

Final bounds of landscape for scalar and vector matter:

s - alar _ 2
ASEAAT =~ 8.99mD, Apca = 360m?%,
180 -

vector .. - vector __ 2
A - 3.19:”;:. "ﬂ"-"nax = 31- mp

min
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1) Lorentzian evolution of the cosmological landscape:
expansion, radiation dilution. inflation. usual structure

formation scenario;
two branches of expansion at late time

: 1 :
alt) ~e=t, H., = 1 EVi- 2BH?)
H2 ~ H? — 0 decay of a composite H2

> r . :
Hy — COsSsMOIogICal acceleration at a new scale
e E

Braneworld mechanism is needed to handle hierarchy
problem B~ mp® — 10%%%m*

2) Bounded landscape: Amin < A < Amax _

{classical)} back reaction

vacuum HH instantons ruled out by ' =+oo:
boundedness of on-shell gravitational action in infrared

domain of Euclidean gravity — nonlocal effect of anomaly
and cosmological bootstrap

3) Beyond conformal quantum matter? Instantons are nearly

static. Universality relation can be broken:
C,<Bi2 - sequence of garlands becomes hot:
5> C . >BIZ --sequence of garlands is trunc ated:

C-.>EB — infrared catastrophe develops

4) No renormalization ambiguity — all UV divergences are absorbed
by renormalized A=3H? and m_-. Logarithmic divergences are
vanishing — their finite remnant is the conformal anomaly




5) NMormalizability of partition function — sum over instantons.

Measure and prefactors
o | Fimax

Y (Amax — Amin) ~ (1/K*) < o

k

6) Semiclassical validity — scaling behavior with N — number of
fields: _, N¢, B — NB, F(no) — NF(ng)

!

H?2 — H2/N =  1/N.expan

7) Climbing up phenomenology energy s<cale and higher spins:
growing B for growing spin and N

B>1, H*~1/B, —-Ig~mpVB>0

8) Domination of (underbarrier) Euclidean quantum gravity
configurations over possible Lorentzian stationary phase
points for the Wheeler-DeWitt 2quation:
in view of the negative action I,

e~ T8 ~; exp(#mpv B) ~ exp I?-“FL} > 1
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This is how cosmological landscape comes out of
Nothing, if some really like it hot




