Gravitational corrections to the beta functions

(Unimodular Gravity versus General Relativity)
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(1) Background

UNIMODULAR (GRAVITY IS A THEORY OF GRAVITATION WHERE THE SPACETIME METRIC IS RESTRICTED TO BE OF UNIT DETERMINANT.
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(2) Motivation

energy does not couple to gravity in Unimodular Gravity. Therefore, it does not predict a huge value of the cosmological constant.
assical level, it gives the same physics that General Relativity.
uantum effects are also the same in both theories.

S TO FIND ANY DIFFERENCE THAT CAN TELL (GENERAL RELATIVITY FROM UNIMODULAR (GRAVITY.

(5) Canceling the beta functions

e |[n Phys.Rev.Lett. 104 (2010) 081301 the GR corrections to the In fact, we can even set the (gravitational) beta functions to zero.
beta functions for a scalar A and a Yukawa g couplings are Instead of the usual multiplicative renormalization we can do a
computed. non-multiplicative one (i.e. a field redefinition).
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Their conclusion is that it can lead to an asymptotically free theory. Vo=V + §5Z\p\|! —- iallizm\zl,\lf —- §b1/<;2m<2b\|!, my, = (1 + 0Z,,) my,
e We decided to carry out the same computations for Vo=V + léZw\Tf + }aQOﬁ,\Tf + lbmszﬂ!, Mgy = (14 6Zp,) my,.
Unimodular Gravity. For this we need to compute some 2 2 2
diagrams.

(3) Corrections to the vertices

By setting accordingly the values of a; and by is easy to see that
we end up with [, = 0.

gravitational

e The same result holds for the scalar coupling (c.f. PLB 773
p;\‘\ /;,4 AN \ /;,4 (2017) 585).
/}{\ k(?\ e A similar result —with similar background— happens for the
A p > py D AN coupling of the gauge field (c.f. J.Ellis & N. Mavromatos
d AN g h Phys.Lett. B711 (2012) 139 and references therein).
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Contributions to the ¢* vertex.

(6) Conclusions
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FUNCTIONS ARE GAUGE DEPENDENT.
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I e THE DISCREPANCY BETWEEN ITS VALUE IN (GENERAL
RELATIVITY AND UNIMODULAR (GRAVITY IS

5 & THEREFORE NOT PHYSICALLY RELEVANT.
Contributions to the Yukawa vertex. e BY USING A NON-MULTIPLICATIVE WAVE
RENORMALIZATION THE BETA FUNCTIONS CAN BE SET
TO ZERO.

® SO FAR NO DIFFERENCE BETWEEN GENERAL
RELATIVITY AND UNIMODULAR GRAVITY (FURTHER
g 12" Mg WORK IN THAT DIRECTION: JCAP, 1801(01):028,
2018. AND Eur. Phys. J., C78(3):236, 2018).
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conclusion could be that there is a difference between the

two theories, this is not the case: the beta functions are gauge dependent. e Outlook: CORRECTIONS TO THE NEWTON POTENTIAL

For a generalized De-Donder gauge

COULD GIVE A DIFFERENCE AT THE ONE-LOOP LEVEL.
. (a“h 1 h)2 OTHERWISE, IT IS NEEDED TO GO TO HIGHER LOOPS;
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2 COMPUTATION OF THE GOROFF & SAGNOTTI

The GR beta functions are now
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COUNTERTERM IS THE NEXT “EASIEST” THING TO
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