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Abstract: Theories with large kinetic interactions have very relevant phenomenological applications in cosmology, in particular in the context of
cosmic acceleration. Their Effective Field Theory (EFT) description relies on the so-called Vainshtein effect being operative. When incorporated at
the quantum level, this mechanism ensures the validity of the theory in a non-trivial way. | will discuss how to estimate the regime of validity of
such EFTs on the basis of computing the quantum corrections to the classical theory. | will point out how some lessons learned from the study of
guantum effects in these theories might help us to tackle the significance of superluminalities and revisit what properties a healthy EFT should have.
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‘superluminal’

—-a cosmologist gets nervous
-a field theorist gets intrigued

Raquel H Ribeiro

Pirsa: 15040111 Page 2/51



‘superluminal’

—cosmologist’s strategy: no, I'll always impose cs<1 or cs=1
—field theorist’s strategy: hmmm, what does it tell us about the
fundamental physics of the theory?
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perturbation theory in data-driven cosmology

fileld redefinition

observations

cosmological data gives gives direct access to
the perturbations, rather than the background
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fundamental principles nepANO0217E

bottom-up
approach

superluminalities? can the theory propagate viable phenomenology?
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1 « Vainshtein effect

strong-weak
coupling

4 « SumMmary

2 « aspects of
quantum effects

viability of
Starting points

ROADMAP

3 = Curious cases in cosmological
perturbation theory

open mind
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zZ"" 8,6¢90,6¢ ~ (1 + f (large background))(é’5<i>)2

typical examples:
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Z" 3,6¢3,6¢ ~ (1+ f(large background))(35¢)?

typical examples:
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Vainshtein effect in massless P(X) theories

1
38 = J d*x {Z"[¢018,6¢ 2,64}

:‘f]'.\. '<i P \.';.'(J} ( o
A4
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Vainshtein effect in massless P(X) theories

1
08 =z J d*x {Z"[¢018,6¢ 2,64}

2P (X)o6 P
\ 4
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early universe

case study: DBI inflation

| L =APX)=—A* VI-X +A* |

\
\‘ﬁ ——

upled regime, we have |X| <1 an
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screening and superluminalities in P(X) theories

’ 1 Uy
$2) = ==d) 3,6¢43,6¢

er g P\
Z”‘ v P,,\' + 2X P,XX

2 Pxx .
c:=1+2X—— generically > 1
p,x for example, review
by Joyce et al.
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Defayet et al. hep-th/0106001

screening in galileons Nicolis & Rattazzi hep-n/0404159

)
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Defayet et al. hep-th/0106001

superluminalities peekalboo Nicolis & Rattazzi hop-h/0404159

bo/T
A3

cf‘~1+
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redressed strong coupling scale

theory remains predictive | not allowed
ﬂr %

energy

specific examples in
Aydemir et al. arXiv:1203.5153
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redressed strong coupling scale

theory remains predictive not allowed

>

energy

specific examples in
Aydemir et al. arXiv:1203.5153
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aspets of quantum effects

are the irrelevant operators safe
under quantum corrections?
&
usefulness of computing objects such
as the one-loop effective action
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e—l""""’[qp] - f 9 |:

.

]
[ |‘| lonn = |(l:.l(l{‘l {X“\I [(Pu]v;.‘v\ I

oy
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]
(- [ = log det -{/“\' [(Pu]v;.‘v\ I

UV-divergences are organised as a Seeley—DeWitt expansion

Barvinsky & Vilkovisky

Avramidi
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repackaging quantum corrections at 1-loop

. log do: 1 B2 oD yuv |
l | —loop o d”x 8 eff 1 R* + 2 ]\‘:r\ R |
generalisation of the

Coleman—Weinberg
potential

de Rham & RHR
arXiv:1405.5213

-
| V&er IR*[gerr]| < A* P(X)
\_ .

( / o

) want the local curvature to be
- small for the EFT to be well-defined
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repackaging quantum corrections at 1-loop

, log 4 f 2 A D 3 LA 1

! 1-loop d’x /&ef l R '71‘2]\, R |

generalisation of the

Coleman—Weinberg
potential

de Rham & RHR
arXiv:1405.5213

r
I\:/g—ﬁ IR?[ger]| < A* P(X)

Pracd

/ O ([J
want the local curvature to be
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early universe

de Rham & RHR

DBl inflation: theory and data constraintS  axv140s s213

 F— 1.,

popular statement in the literature: in DBI the speed of the
field is allowed to be large provided the acceleration is small
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early universe

de Rham & RHR

DBl inflation: theory and data constraintS 140 s213

 — |
f[)[)p)]:_/\4 1_X+A4 25 2

popular statement in the literature: in DBI the speed of the
field is allowed to be large provided the acceleration is small
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early universe

de Rham & RHR

DBl inflation: theory and data constraintS  axv140s s213

1.
ZLop = —A*V1-X+A* > — 2

2

popular statement in the literature: in DBI the speed of the
field is allowed to be large provided the acceleration is small

d)'{}

|"([}t‘|usxic;|]| > ‘-20 3 < i 3 ~ 0(10 3) while |(P‘ Lo A'._'

1 —Icmpl

ry &

Raquel H Ribeiro

Page 27/51



Pirsa: 15040111

early universe

de Rham & RHR

DBl inflation: theory and data constraintS  axv140s s213

Jrm— 1.,

popular statement in the literature: in DBI the speed of the
field is allowed to be large provided the acceleration is small
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late universe

kinetic/Vainshtein screening
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late universe

kinetic/Vainshtein screening
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the induced operators generate ghosts

-

] , ! .
consider the example < ~(0¢)" + ‘\.1(0(;;)“

de Rham & RHR
arXiv:1405.5213
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coupling to high-energy sectors

2 4 A 1 N2 2
5(0¢) x°

1 9 1 ) [e
Consider a two-field model ¥, ;.4 = A'P(X) — 5(81)“ - =My -

2 2A?
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coupling to high-energy sectors

2 2

1 5 A &
Consider a two-field model %, ;.4 = A'P(X) — 5(8;{)“ - =My - S 5

2
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coupling to high-energy sectors

8

1 v, ] 2 2 - I 2 2
Consider a two-field model ¥, ;.4 = A'P(X) — 5(81)“ - =My® - A2 () x”

2

If we focus on the log divergences, we find overwhelming sensitivity to new physics

(recall that M~A¢):

—=loo ‘, Ve 18D ({? )4 k2+M2
"([)1(],}:] p___8 {M“(d(j))“%—g Adz log | ———

 8A2 u?

one-loop corrections correct the classical operators

FUNB B RN E O s s aaaadainEy
]
. "4
“If no mistake have you made. vet losing you / 1 4
b : g ~
are... a different game you should play” Q,— 4
Master Yoda - ¥
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insight through ERG methods

the main tool is the Wetterich equation:

OPX) _ 1. R,
—_— =Tt :
ox 2 |R.+2"3,0,

} with

de Rham & RHR
arXiv:1405.5213

R, = Z,(k*+0)O(0 + x*)

Litim hep-th/0005245
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insight through ERG methods

the main tool is the Wetterich equation:

aP.(X) 1 T d.R,
—_— = =T} :
oK 2 R.+2."8,0,

} with

de Rham & RHR
arXiv:1405.5213

R, = Z.(x*+0)0(0+«?)

Litim hep-th/0005245

Raquel H Ribeiro

Page 36/51



Pirsa: 15040111

insight through ERG methods

the main tool is the Wetterich equation:

oP(X) _1_ &Ry
= =Tr .
oK 2" |R.+28,0,

} with

de Rham & RHR
arXiv:1405.5213

R, = Z.(x*+0)0(0+«?)

Litim hep-th/0005245
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insight through ERG methods arXi:1405.5213

the main tool is the Wetterich equation:

dP.(X) 1 R, _ " 5
—— ==T with = Z,.(k“+0)e(0+k*)

v ’
oK 2 R,.+ 23,0,

Litim hep-th/0005245

mass of the lightest particle that is
not included in the EFT
<

low-energy
theory

deep infra-red
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insight through ERG methods

the main tool is the Wetterich equation:

0P (X) 1T R, th
— e :
oK 2 |R.+2:8,0, Wit

de Rham & RHR
arXiv:1405.5213

R, = Z.(x*+0)0(0+«?)

Litim hep-th/0005245

mass of the lightest particle that is
not included in the EFT

low-energy
theory

[ renormahsation group fiow

<

O T O

deep infra-red

E=Ac increasing energy

§—
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de Rham & RHR
arXiv:1405.5213

A4
Max|Z |

flow of the Lagrangian ~

suggests UV sensitivity can be ameliorated by a quantum-mechanical
analogue of the Vainshtein screening
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de Rham & RHR
arXiv:1405.5213
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a Ccurious case In
cosmology
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cosmological perturbation theory

remaining agnostic about the background

as

(3) 1 ) > FEDRNE . oo
SW= | d®xdta®{ A3+ A 002+ =22(8.0)

traditional rules of low-energy EFT: identify the low energy dof and write down
all the local operators which are compatible with the underlying symmetries
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cosmological perturbation theory

remaining agnostic about the background

’ - ) A ) A walA=2 ) \ ) 2
s = [ d’x dt u{_\ﬁ'-‘:— A2+ =2L(8,0)? +AL8L387%¢ + Asd2L(8,072L) } o

a«

traditional rules of low-energy EFT: identify the low energy dof and write down
all the local operators which are compatible with the underlying symmetries
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cosmological perturbation theory

remaining agnostic about the background

§> = l d’xdt a {_\: i .\_.:j.'l

traditional rules of low-energy EFT: identify the low energy dof and write down
all the local operators which are compatible with the underlying symmetries
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looking closer—where do 9% come from?

ds* = —N2dt* + h;; (dx' + N'dt) (dx’ + N’ dt)

the trouble appears because these EFTs are fundamentally gravitational

causality is not violated
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EFTs with active Vainshtein screening

irrelevant

f(z(a¢:az¢) 0{3
EEFT = glow-energy + Z a A4 + Z F A4

energy

WA A A s T ol SUST LA UL A Pl A Sy T it S b \ . - s - . . ! \}‘\lﬁ\d l‘-—\- X{_{. %w

|mp0rtant

*

reorganised EFT built on a hierarchy between
(different orders Iin) derivatives

cf. Luty et al. hep-th/0303116
Nicolis & Rattazzi hep-th/0404159
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EFTs with active Vainshtein screening

irrelevant

%

fa(ac;b 0%¢)
EEFT = glow-energy + Z A4 + Z

energy

. MNNNNNNNN NNNNNENERY
e ﬂ”ﬂw‘ﬂ*"‘””pﬂ“ﬁr”ﬂ»* T - » [ T\ {“\ [\ F\F\\ Ry “:M;

|mp0rtant

*

reorganised EFT built on a hierarchy between
(different orders in) derivatives

cf. Luty et al, hep-th/0303116
Nicolis & Rattazzi hep-th/040415
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superiuminal
propagation

generic feature of backgrounds
supporting this effect

Vainshtein

mechanism
P(X) and galileons

a bottom-up exercise

technical Y
naturalness of

interactions
estimate the regime of
validity of the theory
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screening effect

suppresses coupling to matter

changes standard
EFT rules

Nsc is redressed
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