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We apply the hypothesis of asymptotic safety of gravity to the extensions of the Standard
Model to make specific, experimental predictions for these particles properties. We apply
our analysis to the models extended only by one additional scalar field (and possibly some
fermionic or vector particles) called Higgs portal models, with the focus on the Conformal
Standard Model, which is one of those.

This assumptions will let us calculate the allowed self-coupling parameters (from which
we can calculate masses, because the Higgs mass and vacuum expectation value are
known experimentally). With the ay, > 0 assumption we obtain exactly one value
satisfying the conditions originating from this assumptions.
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1. Introduction

Most of the extensions of the Standard Model proposes introduction of new particles
and interactions, keeping the quantum field theory framework. However we cannot
predict the properties of this particles from the models themselves. So for example
the masses of the particles might be arbitrary, much too big for us to measure
them in particle accelerators. Hence narrowing down the possible parameters to
a single value or small interval would be a huge advantage in the search for new
particles. Since Large Hadron Collider or any other accelerator hasn’t discover
supersymmetry or other discrepancies from SM, then the minimal extensions are
in favor. In a sense they propose only a slight extension of SM. Some of them can
not only solve problems of SM but can be, in principle, valid up to the Planck
scale (quantum gravity scale) with no new intermediate scales and give possible
candidates for dark matter. In particular one can introduce the hidden sectors of
SU(3) x SU(2) x U(1) singlets. One of the hidden sector can be coupled to SM
only via coupling to Higgs particle, like a Higgs portall. So we will call these class
of models Higgs portal models. Then after the Higgs particle has been found, one
can investigate these hidden sector by analysing the deviations from behaviour of
SM Higgs without any Higgs portal particles. One of these models is Conformal
Standard Model proposed by Krzysztof Meissner and Herman Nicolai? 4.

The main qualitative prediction of Higgs portal models is the existence of the second
fundamental scalar particle, which we will call 'shadow’ Higgs. For our purpose only
the extended Higgs sector lagrangian is relevant:

£scalar = (D,U,H>T(DHH) + %(aﬂ(b*auqs) - V(H7 ¢)7 (1)
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it comes with the potential:

V(H,¢) = —miH'H — m3¢¢™ + M (H'H)? + Xa(¢6")* + 2Xs (H' H)pp".
Moreover the CSM predicts some additional features, see? 4.
On the other hand we know that gravity isnt perturbatively renormalisable. There
were various solutions proposed. Steven Weinberg® hypothesised that gravity pos-
sesses a UV interacting fixed point, which will allow us to treat it as fundamental
theory. Moreover such hypothesis has significant influence on particle physics, since
one can calculate the allowed coupling constants values in the low energy physics.

2. Scope of work

Adopting asymptotic safety will allow us to calculate the exact 'shadow’ Higgs
boson mass for repelling fixed point or allowed range for attracting fixed point.
The theory with gravitational corrections can be treated as a fundamental one if
it doesn’t posses any pathological behaviour up to the Planck scale. So we impose
two conditions:

e There should be absence of Landau pole.
e The electroweak vacuum should be stable:

Ar(p) >0, Aa(p) As(p) > =/ Aa(p) A (). (2)

Similar conditions were posed in*°.

As a toy model we will assume A3 = 0, because it seems that mixing angle is
quite small. Then the equations will split into two parts, one for SM couplings and
another for Ao and yjs, where yjs is additional coupling introduced in CSM.

For this simplified model we have checked the range of allowed self-couplings at
Ailnm,,, such that they will satisfy the above conditions. We have not only re-
produced the results from®, but also obtained the exact value for A» and allowed
interval for yas, assuming ay, > 0, ay,, < 0, which we expect in analogy with®. To
calculate the running of coupling constants we employed the numerical methods.
One can see? that for gy, gu, gs,yar the equations can we solved independly and
moreover y; depends only on gy, g, gs- S0 we have started with evolution for these
couplings and then plug them into \; equations.

Such an analysis was never done in context of Higgs portal models with gauge fields
or for the CSM. The Higgs portal models are of high importance and attract a lot
of attention, because they can deal, in principle, with the problems of the Stan-
dard Model, which cannot be solved just by asymptotic safety assumption. The
results would be generic for all Higgs portal models. They could be used in the
context of non-minimally coupled inflationary models including Higgs portal term,
since the non-minimal gravitational couplings are in the direct relation with the
self-couplings.
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3. Talk outline and further work

In my talk I will outline the asymptotic safety hypothesis, discuss its implications
in the particle physics. I will also briefly describe the Conformal Standard Model
and show our preliminary results for the values of self couplings in the CSM for the
toy model.

As our further work we will calculate the remaining a;’s, using techniques developed
in™? both for generic Higgs portal models and CSM. Moreover we will analyse the
model where A3 # 0.

Acknowledgments

We thank Piotr Chankowski and Krzysztof Meissner for inspiring discussions and
supervision. Jan Kwapisz acknowledges support from Yukawa Institute for Theo-
retical Physics, where the part of the research was done during the Gravity and
Cosmology 2018 workshop.

References

1. Brian Patt and Frank Wilczek. Higgs-field portal into hidden sectors. 2006.

2. Krzysztof A. Meissner and Hermann Nicolai. Conformal symmetry and the
Standard Model. Physics Letters B, 648(4):312 — 317, 2007.

3. Adam Latosinski, Adrian Lewandowski, Krzysztof A. Meissner, and Hermann
Nicolai. Conformal standard model with an extended scalar sector. Journal of
High Energy Physics, 2015(10):170, Oct 2015.

4. Adrian Lewandowski, Krzysztof A. Meissner, and Hermann Nicolai. Conformal
Standard Model, Leptogenesis and Dark Matter. Phys. Rev., D97(3):035024,
2018.

5. Steven Weinberg. Cosmology. Oxford University Press 10001 Derekwood Lane,
Suite 100 Lanham, MD 20706-4876 United States of America, 2008.

6. Mikhail Shaposhnikov and Christof Wetterich. Asymptotic safety of gravity and
the Higgs boson mass. Phys. Lett., B683:196-200, 2010.

7. Sean P. Robinson and Frank Wilczek. Gravitational correction to running of
gauge couplings. Phys. Rev. Lett., 96:231601, 2006.

8. 0. Zanusso, L. Zambelli, G. P. Vacca, and R. Percacci. Gravitational corrections
to Yukawa systems. Phys. Lett., B689:90-94, 2010.

9. L. Griguolo and R. Percacci. The Beta functions of a scalar theory coupled to
gravity. Phys. Rev., D52:5787-5798, 1995.

10. Piotr H. Chankowski, Adrian Lewandowski, Krzysztof A. Meissner, and Her-
mann Nicolai. Softly broken conformal symmetry and the stability of the elec-
troweak scale. Modern Physics Letters A, 30(02):1550006, 2015.

11. Sidney Coleman and Erick Weinberg. Radiative Corrections as the Origin of
Spontaneous Symmetry Breaking. Phys. Rev. D, 7:1888-1910, Mar 1973.



June 4, 2018 19:20 WSPC Proceedings - 9.75in x 6.5in

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Apostolos Pilaftsis and Thomas E.J. Underwood. Resonant leptogenesis. Nu-
clear Physics B, 692(3):303 — 345, 2004.

Jan Kwapisz and Krzysztof A. Meissner. Conformal Standard Model and In-
flation. Acta Phys. Polon., B49:115, 2018.

Fedor L. Bezrukov, Amaury Magnin, and Mikhail Shaposhnikov. Standard
Model Higgs boson mass from inflation. Phys. Lett., B675:88-92, 2009.
Apostolos Pilaftsis. Resonant CP violation induced by particle mixing in tran-
sition amplitudes. Nucl. Phys., B504:61-107, 1997.

S. Weinberg. Ultraviolet divergences in quantum theories of gravitation. In
S. W. Hawking and W. Israel, editors, General Relativity: An Finstein cente-
nary survey, pages 790-831, 1979.

F. Bezrukov and M. Shaposhnikov. Standard Model Higgs boson mass from
inflation: Two loop analysis. JHEP, 07:089, 2009.

O. Lauscher and M. Reuter. Asymptotic safety in quantum Einstein gravity:
Nonperturbative renormalizability and fractal spacetime structure. In Quantum
gravity: Mathematical models and experimental bounds, pages 293-313, 2005.
Astrid Eichhorn, Yuta Hamada, Johannes Lumma, and Masatoshi Yamada.
Quantum gravity fluctuations flatten the Planck-scale Higgs potential. Phys.
Rev., D97(8):086004, 2018.

P. A. R. Ade et al. Joint analysis of bicep2/keck array and planck data. Phys.
Rew. Lett., 114:101301, 2015.

Mikhail Shaposhnikov and Igor Tkachev. The nuMSM, inflation, and dark mat-
ter. Phys. Lett., B639:414-417, 2006.

Giulio Maria Pelaggi, Alexis D. Plascencia, Alberto Salvio, Francesco Sannino,
Juri Smirnov, and Alessandro Strumia. Asymptotically Safe Standard Model
Extensions? Phys. Rev., D97(9):095013, 2018.

Christof Wetterich. Exact evolution equation for the effective potential. Phys.
Lett., B301:90-94, 1993.

Tim R. Morris. The Exact renormalization group and approximate solutions.
Int. J. Mod. Phys., A9:2411-2450, 1994.

Tim R. Morris. Derivative expansion of the exact renormalization group. Phys.
Lett., B329:241-248, 1994.

Steven Weinberg. Asymptotically Safe Inflation. Phys. Rev., D81:083535, 2010.

main

page 4



