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Vacuum enersgy

What we know so far?

Primordial /

bsmic micrawave ’

- Quantum vacuum: Cosmological vacuum:
Po PA
accelerates plates accelerates Universe
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*https:/ / physicsworld.com/a/ the-casimir-effect-a-force-from-nothing /



Vacuum enersy

What we would like to know:

How are they related?




Vacuum enersy

How are they related?

&

Similar problem at honte-

% R Y 4 '
T A A%
A‘. S ' :
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In the lab

Casimir effect

- Predicted 1948
Observed 199

ref [10]




Po(2)
L

In

Pol;

Y i

vacuum between the plates
—_ —_
FG ST FG 21

e Finite penktration depth \ .
hUS o= PC(Y)/ remember



In the Universe

Albert Einstein

|
R//ll/ 23 ERg,uv_I_Ag,uv =

= Friedman eq.




In the Universe

S Perlmutter, A. Riess, B. Schmidt, & others
me 2 ref [2]
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In the Universe

A as an energy density
Ayc?

EAl = 872G,

=535 10" Jim

Quantum origin?

 Yakov Zeldovich, 1967 g 38 . |
)78 DBig theoretical

puzzle
~ Steven Weinberg, 1998




In the Universe

Big theoretical puzzle

In short QFT with cutoff p, ~ CKSL A

As ratio

T()_

PN Aoc’ i 2 107121 for kg = ¢
poo(k)  8nGok;

10> for kg = cmy.




In the Universe

Big theoretical puzzle

Problem as a ratio: g ( K_4 )

In 10 (ratio)

-
-

PA,

| Lot has been said,

2| little has been understood

60

no! ref[6] '
40 |

20 |

iexpected

— T h
//1// -1 _5 0 5
neutrino protofi top
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In the Universe

Big theoretical puzzle
experimental input needed

use Casimir experiment to gain insight

See whether p,

changes




Hypothesis

Parametrize small change

\

original cosmo — P, ~ ; Pc = Pa+ modified cosmo

quantum modification

How are they related? wait ...

universal
constant

local variable

need variable,
PA(T), A(T), ...




Hypothesis

(.need variable, p,(x"), A(x ))but first...

Opinion poll: What will be found?
TRic Pc =t A

huge bounds / \ discovery,; ,e@. A

§a<huge a ~ some + A

small bounds no bounds

a < SI%CZZZ@ A (=

@ 1




Scale Dependent

: Framework
éGraVity as effective QFT

- variable
couplings

%Weinberg, Wetterich, Donoghue, ....



SD-Framework
%scale-dependent (SD) couplings A = A(k), G = G(k),

two main consequences:

* Modified Einstein equations
G,m/ — 87rG(k)TW — A(k)g/w—AtW

e Couplings are connected in RG flow
ref

example: Not independent

both change
or
none changes




SD-Framework

* Couplings are connected in RG flow

We are only interested in SD small modifications
of the couplings in the IR:

Expand:
G(k) = Gy(1 + g(k)) = Gy (1 +[C)\Gok*) + OK*)

Ak) = Ag(1 + Ak)) = Ay (1 H\CYGok?) + O(k*)

e

Theorist: Phenomenologist: Experimentalist:
predict use to predict measure

18



SD-Framework

* Couplings are connected in RG flow

We are only interested in SD small modifications
of the couplings in the IR:

Expand:
G(k) = Gy(1 + g(k)) = Gy (1 + C,Gyk*) + O(k*)

Ak) = Ag(1 + Ak)) = Ay (1 + C:Gpk?) + O(k*)

In density . : :
c*A(k) Co
pa(k) = = 1y {l% S A

87G(k)

367,

ST
?




SD-Framework

To identify k* compare

(Cy =~ C3)A

palk) = pp — k*c* 0

Insert in couplings

G (k(X)) = GO(

Thus, p, modifies Newton coupling

20




SD-Framework

Derivatives of

G (k(X))

1%

* Modified Einstein equations
G,, = 8zG(K)T,, — Ak)g,,—At,

Does Casimir/SD affect Newton?

Trace trick

Gk /z _l M M <l H\72 >L
<TU zgyT>+A(k)gy+G(k) S8 E VY o

With non-relativistic matter

2 2

1
P —g/;T> P diag(~1,1,1,1)




SD-Framework

e : : - Derivatives of
. o Modified Einstein equations
: ) G (kX))

G,, = 8aG(K)T,, — A(k)g,,~At,,

Weak field and weak SD expAnsion...
ds* = — (1 + 2e,@(r, 0, $))cdi* + (1 — 26, P(r, 0, P))dr* + (1 H2e4E(r, 0, )r*dQ* + O(eg)
G(k) = €g (Gy + egAG(k) + O(eg))
A(k) = epA(k)

Rg component

5 47 e V2AGK)
V-®(r,0,qp) = ?GOpM(r, 0, P) : s A(k) + O(eg, €5)
® 0

Solution...




SD-Framework

0 - : - Derivatives of
. o Modified Einstein equations
: G (kX))

G,, = 8aG(K)T,, — A(k)g,,~At,,

Solution
Pu(X 1)

]

with
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SD-Framework

Derivatives of

G (k(X))

* Modified Einstein equations
G, =3rG(KT, — Alk)g,,—At,

For extended objects: Newton

O 55 —A
— F o1 = Gy

— J' d3x[ o PM(’H)PM(’%) (72_71)
)
A Vi

St x1|
with




SD-Framework

e Modified Einstein equations &
o Couplings are connected in RG flow

= Gravitational attraction between plates changes

Vzﬂc(y) Py

2 @
—> F o F
1 G,12 G,12
C4(C1 Y C3) .

Hypothesis
can be tested by experiment:
Verity, or set bounds on « ...




SD-Framework

Gravitational attraction between plates changes

V2pa(T) 528 75k
o e 0 s e ilen
c*(Cy — G3)A

§What that means

Change p,, Hypothesis ), not measurable

SD & flow




Towards experiment

- Cannex planned experiment

Thermal insulation

Actuator

Geophone

Horizontal stabilization

A21m

Top GAS stage

Top pendulum

Fixed reference gantry

Outer vacuum chamber

Intermediate

GAS stage
Counter weight

Copper bars

Lower pendulum

Access ports

Eddy current

dampers

pus - pendulum
Core chamber

lon-getter

Thermal shsbud

Peltier£lement

Thermopile sensor

Heaf pipe

Pysensor

yensor frame

UV LEDs

; :l\_'l_;—‘-'v oln
Arion gun

Pt sensor

“ R¥Miator

Peltiyr element -

Tilt setthgg and
fine tuninihof a




Towards experiment

Results (preliminary estimate):

[ dz py(2)
L )2

272
fa/zdzc V2G

i a2 i : i
mmmmmmmmmmmmmmmm tes plate skin © plate back part

heading towards
ultra small

s potentially excludes model



Interpretation

C
o—— < 1072
-G
A. p, contribution to p, strongly suppressed (a < 1)
B. A(k) has very weak RG coupling to G(k)

C. Effective Einstein equations have additional fields,
contributions, stuff, leading to cancellations...

For each interpretation many possible subcategories, e.g.
: B 1. Aisnota coupling but a field

2. G isnot a coupling but a field
. RG group is not universal
. Hierarchy in QG parameters: C; > C,

29




Interpretation

A (ak )
Implications for the CCP

2 { 10721 forky = ¢

10> for kg = cmy.

Casimir can contribwite to both

pQ:IOQ,O_l_ﬁpC pA:pAO_a.pC
Should be f =1, hypothesis,
but who knows ... 04




Interpretation

A (ak )
Implications for the CCP

Look at changes of the CCP

Y/ — dY(PQ)
- dpc

pc=0

Measuring o

Measure changes in CCP




Under construction

UNDER
CONSTRUCGTION
|testable «

~* Comparison with qu .} 1 o

- B, B; B- " | —3x10-3°
Ns o | S 0, 4 — 1x10-31
L . More;meahgﬁm sl,lmlgl‘ if | B
E 1 V : - -

C, -15/(16r) —-4/x -11/(2 1x10-33
: Cs -15/(16x) =-3/2n) =3/= i | ] 3x10-34
- o Simtladory forexighiser -
1 RALNLM2SLTA) © i . 1x10-35

3x10-36

e Implications for the ’
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Scale-Dependent
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Scale Dependent

: Framework
gGraVity as effective QFT

Non renormalizable?
Yes, but ...

Could still be predictive QFT | © :
(Asymptotic Safety) |

A7




Asymptotic Safety
in a nutshell

R
[y = I'd4x, =g (G
k

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




Asymptotic Safety
in a nutshell

| e
S mmed ) ?
two point regulator

function C. Wetterich

39




Asymptotic Safety
in a nutshell

//

///f// /

/(JéF separatrix

// / \
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The CCP 1.0




The CCP 1.0

Albert Einstein

1
E Re, =34GT,

NP 1921




The CCP 1.0

Alexander Friedmann

ds? = a(t)ds% e

ek ]
a3 — ESEGIO




The CCP 1.0

Albert Einstein

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

3

—




The CCP 1.0
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The CCP 2.0




The CCP 2.0

Eciiwin Hubble, Georges Lemaitre

measurement:

o*PARSECS 2+0* PARSECS
FIGURE 1 ”

Velocity-Distance Relation among Extra-Galactic Nebulae.

9271929
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The CCP 2.0

Edwin Hubble

§measurement:

>0 not static

glater:

- kmls
a=67.66+x042
Mpc

(Planck collaboration 2018) l |




The CCP 2.0

i<0 “biggest blunder”



The CCP 3.0




The CCP 3.0

S Perlmutter, A. Riess, B. Schmidt, & others
me 2 ref [2]
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The CCP 4.0

Albert Einstein

R/w o ERg//w_l_ T 87Z'GT” r r & 7
S

h 472G ‘

o= (p +3p)+

a 3

A>0=>d>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

%Quantum fluctuations
~ predict value of A

A ref [3]
—) ~ MY 1+ ..)
eff

b

s

effective cut-off

different

Ce mass scale of QFT

~ quantum value




The CCP 3.0

%Quantum fluctuations
~ predict value of A

effective cut-off

different
le of QFT
L mass scale of Q

~ quantum value

Planck mass




The CCP 3.0

%Quantum fluctuations
~ predict value of A

(Mg

Observed value

observed critical
energy density 57

Highest physical




The CCP 3.0

Problem as a ratio: (A)eff M

In | O(ratio)

no! ref[6]

gexpected
' 7 1 77

40 |

80:—

L
L
6 B
L

20 |

In ~In| —

E Ay Pc

_> BN A A A S A S S S S S | S — S S I —— — — o |nSM/G )
—16 -5 0 S 10 15 20 1
neutrino protori top Planc



The CCP 3.0

. Problem as a ratio:

4
(A)eff ~ : ~ % ~ 10120

AO GN ; AO Pc

we try to address
this problem

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

S




testable «

— 1%x10-29
— 3x10-30
1x10-31
3%10-32

1x10-33
3x10-34
1x10-35
3x10-36




