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@ Motivation
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MOTIVATION

General relativity requires:
e 4-dimensional spacetime
e g, describes gravity
e Second order field equations

e Diffeomorphism invariance

Lovelock, J.Math.Phys. 12 (1971) 498
Berti et al, Class.Quant.Grav. 32 (2015) 243001
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MOTIVATION

Why scalars?

More simple

Arise in almost all cases

The Higgs boson in the SM

Good for inflation

Can be further generalized for other spins

Theoretical aspects: UV behaviour
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MOTIVATION

Why quantum effects?

Typically quantum effects are just small corrections to the (semi)classical
approximaion. But they are certainly there and can lead to

e small but visible effects

e new interaction channels

e new types of interactions

e anomalies, i.e., breaking of a classical symmetry
e modification of the ground state (vacuum)

e provide hints for theory
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MOTIVATION

Horndeski gravity

Lo =Gy(¢, X)

L3 =G3(¢,X)O

L4 =Gy(¢, X)R + G4x [(0¢)? = (V,w6)?]
Ls =Gs(¢, X) G V"¢

~ £Gox [(@6) ~ 0BT )2 + 2T,00)’

Horndeski, Int.J. Theor.Phys. 10 (1974) 363
Kobayashi et al, Prog Theor Phys 126, 511 (2011)
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MOTIVATION

Perturbative quantization

2 = [ Dlgulexe [ilgin]

= /D[h,w] exp [i.A (8w + "'ih;w]]
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MOTIVATION
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MOTIVATION

Non-renormalizability of general relativity

Ghosts of higher-derivative gravity

1
167G

L=

Stelle, Phys.Rev.D 16 (1977) 953
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MOTIVATION

Effective field theory

Theory is given by microscopic action A

Theory is defined below the factorization scale u < mp
Normalization is performed in the low energy limit

Provides a consistent (but restricted) approach to loop corrections
Remind, e.g., the Chiral Perturbative Theory

Donoghue, Phys.Rev.D 50 (1994) 3874
Burgess, Living Rev.Rel. 7 (2004) 5
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MOTIVATION

Example

Beyond Horndeski interactions, i.e., non-minimal interactions of the sacalr
field with matter

Ains = / d*xy/"Z[C(6, X) g + D( X) 6 By ] TH

are induced by one-loop corrections

MVW§ = i312C Cuvap P aq?

B. Latosh, Mod.Phys.Lett.A 36 (2021) 37, 2150258
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EFFECTIVE ACTION
Effective action ()
e Operates with classical fields ¢ = <0 ‘QAS‘ 0>
e Minimal on classical configurations 6I'/dp =0
e Accounts for quantum effects

Buchbinder, Odintsov, Shapiro,
Effective action in quantum gravity, 1992.
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© Effective potential
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EFFECTIVE POTENTIAL

Generating functional Z

Green functions G

1
Connected generating functional W
Connected Green functions G,

!

Effective action I

Vertex functions [,

Andrej Arbuzov, Boris Latosh Effective potential of scalar-tensor gravity



© Effective potential
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CW POTENTIAL

Generalization of Coleman-Weinberg model

1 A
A= /d4x [—Eqb(D + m?)p — Eqﬁ”‘]

d4k e—ikx
=(O0+m?) =
g ( +m ) (27T)4 — k2 + m?2

Coleman, Weinberg, Phys.Rev.D 7 (1973) 1888
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CW POTENTIAL

Effective potential series

L OO
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CW POTENTIAL

Effective potential

Vg = — d4k| 1 ekl
e““i/W" R
m> A 1 3 1 3 1 1 202 +m?
= Chy—ZIn2r—ZIn24 ZIn 2 ——
7% | 16 Tty e et TS,

d—a
3 1 1 2024+ m?
22— 2422 M
+4| <167r2>{ 7 g Mem T et it
<p
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M
t a2 "

A
1+2

+O(d — 4)

+ (re)normalization conditions

Andrej Arbuzov, Boris Latosh Effective potential of scalar-tensor gravity



© Minimal scalar-tensor gravity
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MINIMAL ST GRAVITY

Minimal model

4 2 L. m
A:/dx\/—_g — SR+ 38" V,u6Vu0 = -0

1 1
:/d4x[ = 5" Dyvag OhP — 5@+ m?)¢

KR
- Zhw) [Cuuaﬂaa¢aﬂ¢ + nuu m2¢2]

+ irrelevant terms
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MINIMAL ST GRAVITY

Gauge-fixing term

2
1
Ags = / d*x <8Hh‘“’ - 25‘”h>

Gravitational coupling

K2 =321 G

Tensor structure

Cy.uozﬁ = NuaMvg + NupNva — NuvNap
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MINIMAL ST GRAVITY

Feynman rules

I i
.2 “pvap —_ _
uvmaﬂ_lT T k2—m?
q
.H «
j% %< :IZ [Cwaﬂp qﬁ—i-m?mw]

p

Only mass-term contributes to the effective potential!
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MINIMAL ST GRAVITY

Effective potential

_ﬂ_"i‘ + +"'—>Veff

m? ¢® m*k? 1 v 1 1 m m*In(2)
Ver =5~ g |[Tg=a 2t 3N m | -
4
+ & (1 — V1 —4r2p? — 2f<;2<p2) [1 —/1- 4&2902]
T
4
+ % (1 + V1 —4r2p? — 2,‘12(,02) [1 +41- 4,%2902]
T
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MINIMAL ST GRAVITY

Renormalized effective potential

m* In(2) m? ¢? M2
Veff,ren = - 6472 P 1+ 3072 (1 + |n(4))
4
+ Do (1 - VI- 42 260 [1 = V1- 4wy
4
+ e (1+ VI 4267 — 2620 [14 VI - 4]

e No new minima
e Applicable even for ¢ > 2/k

e Can drive inflation

Arbuzov, Latosh, Class.Quant.Grav. 38 (2021) 1, 015012
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@ Non-minimal scalar-tensor gravity
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NON-MINIMAL SCALAR-TENSOR GRAVITY
Non-minimal model

A :/ d*x\/—g l—%m%(gﬂ”wcﬁ“’) VudV,p — %(m2—|—>\R) ¢2]

3 dék
14 23222 E
+2)\/£<p] ((2#)4
3200 2mc2)bs
1+§A”W] <3H2>\2

e Power-like factorization scale sensitivity

1
AVeff = 5 In

1
— AVefF,ren = 5 In

e Requires infinitely many counter-terms

e Can drive slow-roll inflation

Arbuzov, Latosh, Class.Quant.Grav. 38 (2021) 1, 015012



© Minimal ¢* scalar-tensor gravity
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MINIMAL ¢* SCALAR-TENSOR GRAVITY

¢* scalar-tensor model

2R I“VVV m22 A
~ SR+ SgVOV0— T+ 1

A= /d4x\/—_g
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MINIMAL ¢* SCALAR-TENSOR GRAVITY
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MINIMAL ¢* SCALAR-TENSOR GRAVITY

v 1y 207 [m* m® oA —2m’k® X, 3A—8m’k* K (BN
effren =10 m |\eam2 T 27 " mm Ta¥? T 3w 6% 8n2
N m? . 2, Ay 33A—8x’m?)| ,
2 6472 14 41 6412 L4
n g & 1502 X — 2m?k?
61Y |7 3dm2 gne

Logarithmically UV sensitive

o Generates (% interaction

e Admits an instability region in ¢ 2> mp
e Can drive inflation

Arbuzov, Latosh, Nikitenko, Class.Quant.Grav. 39 (2022) 5, 055003
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@ Application to inflation
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APPLICATION TO INFLATION

Set up for inflation

2 1
S = /d4x\/—g [—?R + ng Ve Ve — V()

i ) Slow-roll parameters
Friedmann equations

2
H :E[(‘P) +V} 32\ V
G+3Hp— V' =0 A
77—352 v
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APPLICATION TO INFLATION

Inflationary scenario is successful if
e Potential has area with ¢, < 1
e Inflation makes at least 60 e-foldings
e Tensor-to-scalar ratio r is small

Number of e-foldings

B ,{,2 Pinit V(So)
-5 | vy

Pend
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APPLICATION TO INFLATION

Minimal model in & units

o omtin(2)  m?¢? m?
Veff,ren = - 6472 + ) 1+ 3072 (1 + In(4))
m4
TR (1 VT 4p? 2¢2) [1 — V1= 4(,02}
12872
4
+— (14 VI-42 - 27) [1+ VI 47
1287

Inflation is weakly dependent on m
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APPLICATION TO INFLATION
Slow-roll parameters
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APPLICATION TO INFLATION

Inflation initial condition is ¢ ~ 7.5 x 101° GeV

Inflation final condition:

Pfin

1.6330

1.6325
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1.6305
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APPLICATION TO INFLATION
Non-minimal model in & units

1
—In

Veff, new — >
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APPLICATION TO INFLATION

Inflation finial condition
Pfin
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A
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APPLICATION TO INFLATION
Inflation initial condition (k¢ = 15 > ¢o = 1.8 x 10%° GeV)

20
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@ Conclusions
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CONCLUSIONS

Effective potential of a scalar field can account for quantum gravity
corrections

Effective potentials can be extended deep in the Planck region

Minimal couplings appear to admit logarithmic factorization scale
dependency

Effective potential appears to provide viable inflationary scenarios
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Thank you for attention!
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