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Cosmological constant problem, status
Conceptual problem, in evolving Universe
Scale dependent framework & evolving Universe
Possible solution: Deflation during inflation

» Link to Asymptotic Safety

y» Conclusion
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ihe CCP 1.0

Albert Einstein




ihe CCP 1.0

. Alexander Friedmann

ds* = a(t)ds32 dr

g rE ]
= —81G
a’ 3 .




ihe CCP 1.0

Albert Einstein

G
(p+3p) #0
= a # (0 not static
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ihe CCP 1.0

Albert Einstein

1
5. ERgMU+AgW = 8nGT,

4l

A
@+@H3:O

static possible a =0




The CCP 2.0




The CCP 2.0

Eciiwin Hubble, Georges Lemaitre

measurement: .
re

0¥ PARSECS 2»10* PARSECS
FIGURE 1 :

Velocity-Distance Relation among Extra-Galactic Nebulae.

1927 1929
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The CCP 2.0

Edwin Hubble
§measurement:

a> (0 hot static

élater:

km
a=67.66=x0.42
Mpc

(Planck collaboration 2018) l |

/s
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The CCP 2.0

Albert Einstein

1
R,m/ - ERg’MU_l_

not static

a<0 “biggest blunder”
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The CCP 3.0

S. Perlmutter, A. Riess, B. Schmidt
me a ref [2]
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The CCP &.C

Albert Einstein

1
R,m/ - ERg/W_l_

, = 8nGT,

a 4rG
- (p +3p)+

. -
R E Yy

II???II

AU0=>a>0
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The CCP 3.0

Yakov Zeldovich

Quantum fluctuations
predict value of A

1967




The CCP 3.0

Steven Weinberg

Quantum fluctuations
predict value of A

ref [3]

Problem since 1998




The CCP 3.0

éQuantum fluctuations
~ predict value of A

A ref [3]
—> ~ M* 1+ ..)
eff

L

L

effective cut-off

different

o mass scale of QFT

. quantum value




The CCP 3.0

éQuantum fluctuations
~ predict value of A

effective cut-off

quantum value 10 e mass scale of QFT
methods

Planck mass




The CCP 3.0

gQuantum fluctuations Highest physical

predict value of A
(A)

Observed value

observed critical
energy density




The CCP 3.0

(A) M*

. Problem as a ratio: n

In i O(ratio)

In

e AO Pec

80
60T
no! ref|6] '

40

20 |

expected
i T, -5 0 5
neutrimo proton top




The CCP 3.0

. Problem as a ratio:

4
(A) e . - 10120

AO GN : AO Pc

we try to address
this problem

assuming there are quantum fluctuations
of gravity associated to the Planck scale

22




Evolving Universe
Issue




Evolving Universe




Evolving Universe
Issue

most
dominant

What could
possibly happen?

ref[7]
25




Scale Dependent
Framework

%Gravity as classical theory
Ag

R
S=|d*x/—g >
J - g(GN

%Gravity as ettective QFT




Scale Dependent
Framework

%Gravity as effective QFT

Non renormalizable?
Yes, but ..

Could still be predictive QFT '
(Asymptotic Safety) ‘

2.




Asymptotic Safety
in a nutshell

R
I, = |'d4x, =0 (G
k

® Idea: works if non trivial UV-fixed points
for finite number of couplings (S.W)




Asymptotic Safety
in a nutshell

| 2
S e ) ?
two point regulator

tunction C. Wetterich

29




Asymptotic Safety
in a nutshell

R
rkzjd“xw /Tg(G 2E>+'”
k k

e Results: Plenty of evidence supporting idea

‘(1 ref [4]

— UV FP

o2 f = separatrix
W




Scale Dependent
Framework

R
0K, assume I — Jd“x, [—g (G
k

%Implications for ( (P 5.0¢

%hﬂaybe:




Detflation During
Inflation




Detflation During
Inflation

R
I, = '|'d4x, . 2 (G
k

%Need to solve gap equations

G :_Ang_At,ul/

- ‘.\
not constant!

with




Detlation During
Inflation

. Assume homogenous background

ds* = — dt* + a(t)(

dr’ + rde:%
L
Gap equations spatial curvature
: d A

3 /SDe___ scale

dependence
/

Ay = — Psp




Detflation During
Inflation

%Gap equations
: A,
3 PSDe____ scale

éz’ . dependence
e — A=—psp*

Since k=k(t) =G} = G() yk/; A()

G
& _pSD:_2<E> |
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Detflation During
Inflation

A MDD
-2 3

a a a? G

%Problem: 2 equations

3 unknown functions: a(t), G(t), A(?)

Solution: Impose energy condition!
5 36



Deflation During

Inflation
%Null Energy Condition (NEC):

At cFe” =0

%Where
: dt*
dt

_2('

1 1 1
M popP=0 — o' =cp—| 1, L
af a \/1

— xr2 a




Detflation During
Inflation

gGap equations

() +5-22- () S

402 3aeo(2) o
(8)-(8) ) -(3)

3 unknowns, 3 equations  ~ =>  solve!




Detflation During
Inflation

%Solution: t
a(t) = aie\/m still inflation
Gy

1 + &a(¥)

2Ea(r) ]

G(1) =

1
= [ 1+ &a(r)

3 integration constants: Gy, AO,@
§ controls SD




Detflation During
Inflation

gSolution:
t

lima(t) = aeV™"

G 0

Iim G(¢) =
E—0 (t) . GO

lim A(¢) =
E—0 (t) - AO

3 j
ntegration constants: G @ e
s 0> Nos




Detflation During
Inflation

%Solution: :
a(t) = aie\/m
Gy

1 + Ea(r)

2a(1) ]

G(1) =

|

3 integration constants: G, AO,@
: What does this mean for the CCP?




Detflation During
Inflation

§What does this mean for the CCP?
G, - A, = G(2) - A

Gy - A




Detflation During
Inflation

%What does this mean for the CCP?

Gy
() Al = - A

1 + &a(

1 + 2&a(t)
1 + &a(?)

| Looks good,
| conditions?




Detflation During
Inflation

CCP conditions on parameters

e Initial a ait) — |
o Tnitial CCP  A@t)-G() =1
e Final G G(t) = Gy
Final CCP Gt) - A =10

Flatness N,260; t—1t;=Na/Ay/3




Detflation During
Inflation

CCP conditions on parameters

ref [0]

400F

ﬂatness

e&cluded\ﬁi.,..,....,...,..-
: -100 -50 0 50 100
Sv E = e
Nice, link to Asymptotic Safety?




Link to AS?

Remember:

g
A

= ] UV FP
k %2

A, = A k? 2 f = separatrix
with WW

£[5] A 21 t
22 goezt . g*/’{o 4+ e 21 (€4t o 1> goﬁ*

8(f) = i~

kggled lligt 1 + g (e —1)/g*
t = log(k/ky)




Link to AS?

%For CCP need:

.2
> A

V==

looks
familiar?




Link to AS?

0.

.2
> A

AS renormalization flow SD & NEC

looks
familiar!

G (DA (1)

20 25

why, how?

48



-~ Link to AS?
WW

§Remember.

- goezf g Ay + e 2 <e4f = 1) %

(1) - A1) = - : -
& 1+ go (X2 — 1)/g* 1 +go(e2—1)/g*

%Approximate to UV FP &

g* 4
goA™
grA* — Gpl\y
f = — (01

§DAT) = g*a* (

For




Link to AS?

§Comments on matchil}g:
| g(HA(T) = G(1) - A(D)

g*A* = Gyl\

AS RG g0 = Go/(a:f) SD & NEC

P - —1(20)
e Non trivial “coincidence”
 Works for many flow truncations
e UV FP @ inflation makes sense
e Separatrix special flow trajectory

: k
* scale setting makes sense — = ¢="29

ko

50



COncludlng

G(t) - At SBL
e CCP 3.0: watch out SD durincf %8

uctuations

o Showed: with SD CCP3 is sol & = solves

G A7)

[
ol “.

o Outlook: Post inflation? — " N\ "’*%3)
N

o Beautiful matching between 2




Thank You!
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