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What is the cosmological constant problem ?

See Nemanja's talk



What is the cosmological constant problem ?
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To solve dynamically :

2

¥
~ Ho ~ io

' 33 ev is a very
small energy

Mpl

- suggests it will take a long time ( at least Hj
'

)
to dynamically adjust

Only gravity senses the C. C
.

→ must be involved

in stopping
the evolution

.

Gravity couples to all energy universally → evolution stops

when all energy density is small
.



The Abbott Model 2 > k3¢ + ¥ GE + g÷GG

-
Confinement scale

= Hubble today =
 

g.mm
¢ slow rolls → Inflates & stops when curvature is Ho

The Universe is empty

Tiny slope So Hiyg can stop it  → quantum fluctuations dominate

EternalInflation



Why is Abbott so great ?

Weinberg 's no -

go :

V
'

= 0 '
a V=O at the

Same point Is a tuning



Why is Abbott so great ?

Weinberg 's no -

go :

V
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= 0 k V = 0

AbbottV Io is u FlatfeetV
'
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\Whitten everywhere



Fixabbt
Roll to a tiny C. C

.
with a steeper slope .

Reheat empty Universe by violating energy
conservation

.

- simplest way : gravity ( Weinberg
.

Witten )
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To  avoid eternal Inflation
, ¥ < 1

( assuming slow roll ) →

k > Abm
. ,

2

Beginning
fast roll

- K3mp1= Nz

2 As < Nz Mpl

for Az~meV
,

A
,

( 10 MEV



The Roll
-

3 Roll until H=o
Initial Conditions

p= to '
- k3¢ 02=-1

p  
= to 2

+ K3¢
0% ~ NzL > K3¢ °O°

+ 3Hoi - 1<30--0

H '=÷e ; it = El ptp ) Hi = task
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the
4 Universe contracts

,
if dominates

Lo K3¢
How far does it roll ?

p= tzoe ; p  = tzifr =p ( w  =D

A,3< Nzmp,
e - a

" " '
. at

→ go ~ 1-
2 A3

3  4 5
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( a. =L )

%) = if Cata ) = §÷atp DO =f¢dt
H= Ea = - * iota.

=

tiatfroynnjada
→ arda = - Edt D¢=Bmnlog ( Ya)Fsmpl

Only logarithmic



he Universe contracts as 0 rolls

to UCD gauge
→ Reheat : add coupling

L > of FF '

boson
,

Mass MA
'

E. O.M. : if + 3Hoi - aid + Vhh=¥EB ( E=E
, B=taB×I )

( di + Hot -Earmi. -

EfEx)A→=o- > Spatially
Fourier -

Transform A→with polarizations E± .I=O

⇒ A±( k) E±×I=IilklE±

for Small H
•  •

vs.ms#A=.+(mai+k=Ek)A+=0

When §g zma ,

,
At has tachyonic Modes

Anber
,

Sorbo



for Small H
•  •vs.me#A.=+(mai+k=oEk)A+=0

When 0kg z Ma ,

,
A

.,
has tachyonic Modes

numerically ( for  initial At - k )
,

Io loses OCD froth

in At  ~ 040 - ioo ) %j

Since initially , H ~ ilymp, ,
this is

#
if

f < MPOGO
- ioo )

Hubble can keep

Increasing
as long as Oaotoosfy - FETE ±*

reheat



Hubble can keep

increasing
as long as Oaotoosfy - FETE ¥;n

reheat

Final reheat requirement
→ A

'

decays to SM in time

longer than stay - mM÷f



The Roll
- N

,

< tzmpl

12 ~ MEV
L > K3¢ ⇒ At 10 Met cutoff
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5 Universe has contracted

and reheated 19 now needs a-
= film daazfjn

a bounce
.

• After a  boggy;gag
nd
)°¥a?Y¥&

"

"

= ( i .iaprm . ,

expansion ,



For a higher cutoff ,

§
add a second stage :

no Use Amber - Sorbo

friction

4Au
.
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Can build a 2- field

X Mxnttlmpi model where X is stuck

Lf until € gets to �1�
,

{ X

-
rolls and produces barriers

( more to come ) .



%oncingin_fAFR
:

H2=815 Gp ; it = - 4 " Gn ( ptp )

To get H=o 's it > O

p =0
, p < 0

near minimum f+ p ) so ⇒ was -1

Violates the NEC ( nnnu Ten 20
for any

null nn )



NEC can be violated in a Compact spare ;

Casimir in compact dimensions

mass less fields
Mind × T

'

§ Twee ('
'

in;]
gm= ( -1,1 , 1,1 , Yrn , Yrn )

→

Positive Curvature Is effective NEW

On HE;÷IkEYln
. :#
A

Can produce positive It



Bouncing =
Converging

to Diverging Geodesics

Raychaudhwri 's Eq . for null geodesy :

dad - £82 - 282+262 - 8aG~Tw WU
"

Un a congruence ;
8 = §µpnw

To get D8
DJ > 0

,

Tmunwso ( NEG )
oh

we to ⇒ VORTICITY



Example of Vortrity : Godel Metnz

dsn = £ ( - de *de
+ dyr . ( sinter - sinner ) d¢2 - 252 sintir dctdt

Cosmological Const
.

+ Spinning
Dust

Stationary

- ° Closed Timetike Curves

Due to tipping of
light cones .

to Put In compact Space



sbounametnz
d5= - dt2 +

at ) de + [ ( do 't dolptdlqf - ZEL ( Sino ddidt  + Gsodokdtf
"

FRW
"

Static
,

Compact space Vortrity

Plug in a bounce act ) and compute

Gen It Fv

Compute to OGH
,

choose nntl , ta ,
0,0 ,

90,0 )

for iiaassl ⇒ T*t Tee ME ( In - 2£a ]
Can be > 0 !



NECIcya.se

:

for net ( I
,

0,90 , qn . ,o ) 9 mNgn=o

⇒ nmnufn = Easino -3£

always negative somewhere

Use Casimir ( or curvature

Can show Tµu - Tapas 'n=TnP

where the difference
, ¥

,
can

preserve NEC

What is this fluid ( our current task )



Goal - A microscopic

theory of MIT
( we are dose )

For L
2

Cia < < 1
,

there must be a

4D effective Theory with NECV fluid

One NECV is allowed ,

We can
havereal Lan



Cosmologicalconsequeucesnew
Background Fluids

-

May
have non -

trivial perturbations

New mass less scalar - some non .
gravitational

coupling reg 'd
.

"

Dark Energy
"

may
be evolving

( should explain why c.c. today is > 0 )

Contraction phase may
be Involved w/

power spectrum . . .



Summary
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Thank You !


