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To be honest...

this talk is about classical gravity
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Does gravity affect the
Higgs VEV?

Franco D. Albareti
30th October 2015
Win. Quan. Grav. 2



Quantum frequencies
Higgs boson ~ 125 GeV

Higgs field ~ 250 GeV
VEV
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Quantum frequencies
Higgs boson ~ 125 GeV

Higgs field ~ 250 GeV
VEV

Gravitacional frequencies
Solar System ~ 10-2° GeV

Cosmology ~ 1039 GeV
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Ok,
this is all about classical gravity
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Ok,
this is all about classical gravity

but...with quantum fields

QFT in curved sEacetimes

(Birrel & Davies ‘82)
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KaG eq.
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Quantum operator
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Introduction
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Introduction

A
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Introduction

A

¢+ Ve (¢) = 0
I—I—I
V/(§) + RBEG) + 5V () (667) + ..

O Quantum fluctuations
(1-loop)
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Introduction

A
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Introduction

Constant solution ¢ C

Instead of
V'(¢d.) = 0

one solves

V,(ca)ff (QBC) = 0

1-loop
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Introduction

Flat space-time

ho[ dPk
— k2 L m2
e = V¥ 2/(27r> v

Vaccum energy of 1
quantum fluctuations hiw
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Introduction

Flat space-time

h d’k
— — k2 L m?2

Vaccum energy of 1
quantum fluctuations 9 FLUJ

® | h 4 m2
o = V 64772m log(—)

CO{eW\aV\ & Wel.}'\berg ’73 Franco D. Albareti
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Introduction

Flat FRW
R d3(k/a
o =V F 2/ ((27r§3 ) \/(k/a) o
l—l—l

Vaccum energy of 1
quantum fluctuations 9 FLCIJ

h m’
% = V A 'l
eff 6anz 05 ((u,/a,)Q)
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Introduction

Flat FRW

Momentum and energy /

get redshifted

h m?
o __ V | 41
=V g ot
/

PI’\HSI.CGI renormall.zation Scale uph Franco D. Albareti
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Introduction

Flat space-time
Homogeneous effect

Flat FRW

Does gravity affect the
Higgs VEV in a non-trivial way?
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! dab

.II (I), P — V(¢)

lINO ~-homogeneous 4 ?
" effectg?n i
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Scenarios

ds® = a*(n) {[1 + 2®(n,z)|dn” — [1 — 2¥(n, z)|dz"}

Static weak
gravitational field G

< (Solar System...)

O W

Cosmological effects
due to the LSS
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Vl

Modes m?(¢) = V()

1 117 2
SV (356%)
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Modes m?(¢) = V()

0 / |

e

1 ()
ngf =V + 5/ d'm2 <5¢2>
0

O=(d¢°) = (0/6¢°|0)

Quantum loops
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Modes

1) Quantize the fluctuations canonically

6p=[ &5 (arddn + af 5¢7)
2) Find the modes

e Solve KG to first order (field, metric...)
e Using a WKB ansatz

O = fr €%
w> H, V (P, V)
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Modes

1) Quantize the fluctuations canonically

60 = [ 25 (ardon + af 6¢7)
2) Find the modes

e Solve KG to first order (field, metric...)
e Using a WKB ansatz

® Boundary conditions

Match the perturbed modes to the
unperturbed ones at M =0

(adl.abatic VaCUMVV\) Franco D. Albareti
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Modes

1) Quantize the fluctuations canonically

60 = [ 25 (ardon + af 6¢7)
2) Find the modes

dr = fr €%
(06¢°|0)

4) Regularize & Renormalize

3) Compute
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Modes
4) Regularize & Renormalize

0 = Fourier space
<0‘6¢ ‘O> = Expand in powers of p

= Dimensional reqularization for the
integration over quantum modes k

Renormalization”

e The same UV behaviour than in flat space-time

e Contributions from @, W to the Vog are finite!!
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e Results
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Results

h 2 h
g =V + m* log (TZ) -+ m? (He + Hy)

6472 Ko 1672
same as before corvection due to

the potentials
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Results

h 2 h
g =V + m* log (TZ) -+ m? (He + Hy)

6472 Ko 1672
same as before correction due to

Remarks the potentials

Non-homogeneous effect, the field value which minimizes
the potential is different for each point of spacetime.

* ¢~V = Heiv > Ho_vw

O ] I
H@ , H\IJ n Fourler SPaCe- Franco D. Albareti
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Outline
e Introduction «

e Modes s/
e Results \/

e Observational effects
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Observational effects

Higgs VEV  wvg(t,z) = v + Av(t, z)

/

Homogeneous

k

Spacetime
dependent
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Observational effects

Higgs VEV  wvg(t,z) = v + Av(t, z)

k

Homogeneous Spacetime
dependent
A\v 3\
AHiggs - T = Z(H(I) T H‘Ij)
N 47t
Ame AGF S

Me GF H Franco D. Albareti
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Observational effects

Solar Sgstem (momentum space)
sin(p ¢) ) ((P(p) + ‘I’(p))
— cos(pt)

pt 2

Hs, g = (

sin(pt) 1) ((P(p) - ‘I’(p)>

2
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Observational effects

Solar Sgstem (momentum space)

Har = (20D —costpr)) (22T
Hao o — (sinp(ztat) B 1) ((I)(p) ; \I;(p))
p—0

There is no shift in the spacetime mean

Value OF Higgs VEV Franco D. Albareti
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: Newtonian
Observational effects potential

Solar Sgstem (momentum space)

Har = (20D —costpr)) (22T
Hao o — (sinp(}tat) B 1) ((I)(p) ; \I;(p))
p—0

There is no shift in the spacetime mean
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Observational effects

Solar System (real space, momentum space)

® Newtonian potential
47

Dn(Tr) = —%GM > Py(p) = —FGM

p2
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Observational effects

Solar System (real space)

r
Hg+l11 — (Z) DN

X 0(t? — r?)
1
H) , = 5 G—l) <I>N(1—Lq|3
Eddington

parameter

Franco D. Albareti
30th October 2015
Win. Quan. Grav. 2



Observational effects

Solar System (real space)

,
HY , = (E) PN
X 0(t? — r?)

1
Hg—w—§(£—1> Pn(1—1) ¢
" Causality
Eddington

parameter
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Observational effects

Solar System (real space)

,
HY , = (E) PN
X 0(t? — r?)

1
Hg“l’_5(;_1> Py (1 —7) l,
Remarks Causality
T

o — - Boundary effects from the bc’s of the modes
t
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Remarks

Observational effects

Solar System (real space)
HY , = % PN
X 0(t? — r?)

H;Y_@_%O(—Q Py (1 —7) l,

Causality

(s
o — - Boundary effects from the bc’s of the modes

t
t > OO Franco D. Albareti
|
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Observational effects

Solar System (real space)

N
H<I>—|-\IJ =0
1
Hg—q: — _E(I)N (1 —'1')
Remarks Eddington

parameter

(s
o — - Boundary effects from the bc’s of the modes

t > OO Franco D. Albareti
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Observational effects

Solar System (real space)

N
H 4o =0
1
H) . = —®n (1 —
P > N ( '1')
Remarks Eddington
parameter

g

o Y = > nGrR v =1

no effect in GR

Franco D. Albareti
30th October 2015
Win. Quan. Grav. 2



Observational effects

Solar System (real space, momentum space)

® Newtonian potential
47

Dn(Tr) = —%GM > Py(p) = —FGM

p2
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Observational effects

Solar System (real space, momentum space)

® Newtonian potential
47

Dn(Tr) = —%GM > Py(p) = —FGM

p2

® General potential

o0 l
= 8 le 47
P(p) = e ;'L Z (2p)l\/2l—|— 1Ylm(0pa bp)
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Observational effects

Solar System (real space) Newtonian results
N _
Hy o =0
N 1
H@—\P — —E@N (]_ — ’)/)
Ll.l
Remarks Eddington
parameter
v
e vy=— =>naGr vy =1

no effect in GR
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Observational effects

Solar System (real space) General results
X _
Hy o =0
o, 1
HCIJ—\I! — _E(I)N (]‘ o ’7)
Ll.l
Remarks Eddington
parameter
Wy
e vy=— =>naGr vy =1

no eFFQCt '.V\- GR Franco D. Albareti
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Observational effects

Solar System (real space) Eddington parameter

A Higgs — A(I) (1—7)

N 2T
/ Gravitational
A~ 1/8 potential
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Observational effects

Solar System (real space)

3\
A Higgs :Q AP (1 T 7)

Ap
1)

Proton-to-electron
—
mass ratio

A Atomic clocks

—16
- <10 on Earth

Huntemann, et al.
2014

- AHiggs
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Observational effects

Solar System (real space) v — 1| < 107°

Cassini bound,
Bertotti, et al. 2003

3\
A Higgs :Q AP (1 T 7)

vy — 1] < 10~ on Earth

Ad, ~ 10710
Apu ®
- — _AHiggs
1)
Proton-to-electron I’Y — 1| < 107° around the Sun
—
mass ratio Adg ~ 10~
Ap ¢ Atomic clocks
< 10~ on Earth
v}
Franco D. Albareti
Huntemann, et al. 30th October 2015
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Observational effects

Solar System (real space)

z. 3
A Higgs ~ Q AP (1 T 7)

® Higgs self-interactions
® Vector bosons
e Top quark
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Observational effects

Solar System (real space)

z. 3\
AHiggS ~ QA(D(].—’Y) X Neg X

¥

Bosons,
Fermions

® Higgs self-interactions
® Vector bosons
e Top quark
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Observational effects

Solar System (real space)

; 3A gz- m; \*
AHiggs%gA(I)(l—’Y)Xneﬂ‘X - X

mnggS
Bosons, Mass/coupling
Fermions factors
® Higgs self-interactions
e Vector bosons Work in progress...

e Top quark
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e Observational effects /
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Outline
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e Modes s/
e Results \/

e Observational effects /

e Conclusions
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Conclusions

Yes!

e Metric perturbations induce a space-time dependent
Higgs VEV which translates into variations on the masses
of all the elementary particles.

e Competitive constraints on the Eddington parameter can
be obtained from measurements of the proton-to-electron
mass ratio within the Solar System.
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