Frame (in)equivalence in QF T and
Cosmology

Cike | R N [T g ey
- L s 4 a = t | NS - ¥
how @ % ¥ fl M v Yol 6y . = L] J .0 g iy

Mario Herrero-Valea

Ecole Polytecnique Fédérale de Lausanne

E PF L BN NF 1602.06962 M. H-V

Swiss NATIONAL SCIENCE FOUNDATION 1812.08187 K. Falls and M. H-V



* QFT is a wonderful and powerful framework

* |t gives us a set of rules to compute correlators
and physical



* QFT is a wonderful and powerful framework

* |t gives us a set of rules to compute correlators
and physical

Consider a classical variable g with action S(q)

217) = [ldgl 5@~

MQ| = —logZ[J(Q)] = J(Q) - ¢



* QFT is a wonderful and powerful framework

* |t gives us a set of rules to compute correlators
and physical

Consider a classical variable g with action S(q)
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However, many things that we give for granted about QFT are not true when
gravity is in the game
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Our motivation to study this is Inflation
5= [ deyg| 30,000 - V() + (0]

F(R,$) ~ R, R*, Ro*, ...

For example, in Higgs inflation (Bezrukov & Shaposhnikov, 2008)

S = /d%\/g [—% (M3 +¢0%) R+ %c%b(?“cb - V(cb)]

In general we need to include Quantum Corrections and thus evaluate
the Quantum Effective Action
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Classically, it is trivial
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However, in Quantum Field Theory we need to integrate over off-shell states

Z[J) = / d] e~ 21172
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Let us consider an example

Scale Invariant
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Both Quantum Field Theories are NOT equivalent!!!!

Their S-matrices are different



Finite terms in the Effective action are the key
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Z[J] :/[dCD] e S(P) = E
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Not invariant!!!!

(D] = H dﬁ% Vdet C

C(x,y) is an ultra-local C(CL’, y) _ A25(CE o y)

metric on field space



Consider a simple free theory
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Consider a simple free theory
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This is the key point

In flat space it is enough to define C(x,y) as before
A2

But in curved space, diff invariance imposes

Clx,y) = A*0(x —y)\/g

The field space metric C(x,y) then

transforms
when changing frame!!!!
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In the Jordan frame
C(z,y) = A*\/gi(z — y)
But if we transform...
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<< Arecipe for a Quantum Field Theory >>
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a flat metric
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This solves the problem in the example
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This solves the problem in the example

If you start in the Einstein frame...

There is no anomaly

When you transform to Jordan

Ir=T-A

If you start in the Jordan frame...

There is anomaly
When you transform to Einstein
I'=1I"-A
v

No anomaly Anom““aly



Conclusions

 AQFT is defined by the action and the integration
measure

« Changing variables in the effective action involves
transforming the measure

o T
o T
o T
o T

nis transformation induces new finite pieces
nese new pieces modify the effective potential
nere are potential physical effects induced by them

nis is not restricted to conformal rescaling nor to

scale invariant theories

* Any field redefinition will produce the same effect



KEEP
CALM

AND

TRUST QFT
but do it well
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