Journal of Physics: Conference Series

PAPER « OPEN ACCESS Related content
. . . . . - edagoagical Introduction to Electrowea
Falsifying Baryogenesis Mechanisms with Lepton Baniogencs T banon aomcy
ite

Number and Flavour Violation

- A Pedagogical Introduction to Electroweak
Baryogenesis: Introduction
G A White

To cite this article: Lukas Graf 2017 J. Phys.: Conf. Ser. 888 012201

- Neutrinoless double beta decay
Heinrich Pas and Werner Rodejohann

View the article online for updates and enhancements.

This content was downloaded from IP address 131.169.5.251 on 10/10/2017 at 11:04


https://doi.org/10.1088/1742-6596/888/1/012201
http://iopscience.iop.org/book/978-1-6817-4457-5/chapter/bk978-1-6817-4457-5ch9
http://iopscience.iop.org/book/978-1-6817-4457-5/chapter/bk978-1-6817-4457-5ch9
http://iopscience.iop.org/book/978-1-6817-4457-5/chapter/bk978-1-6817-4457-5ch1
http://iopscience.iop.org/book/978-1-6817-4457-5/chapter/bk978-1-6817-4457-5ch1
http://iopscience.iop.org/article/10.1088/1367-2630/17/11/115010

Neutrino2016 IOP Publishing
IOP Conlf. Series: Journal of Physics: Conf. Series 888 (2017) 012201 doi:10.1088/1742-6596/888/1/012201

Falsifying Baryogenesis Mechanisms
with Lepton Number and Flavour Violation

Lukas Graf
University College London, Gower Street, London WC1E 6BT, UK

E-mail: lukas.graf.140@ucl.ac.uk

Abstract. Interactions that manifest themselves as lepton number violating processes at
low energies in combination with sphaleron transitions typically erase any preexisting baryon
asymmetry of the Universe. In this report, we discuss the constraints obtained from an
observation of neutrinoless double beta decay in this context. If a new physics mechanism
of neutrinoless double beta decay other than the standard light neutrino exchange is observed,
typical scenarios of high-scale baryogenesis will be excluded unless the baryon asymmetry is
stabilized via some new mechanism. We also sketch how this conclusion can be extended beyond
the first lepton generation by incorporating lepton flavour violating processes.

1. Introduction
The observed baryon asymmetry of the Universe can be quantified as the baryon-to-photon
number density ratio n%° = (n, — nz)/n, = (6.09£0.06) x 1071° [1] and various theories
try to account for this value. One of the most popular scenarios of high-scale baryogenesis is
leptogenesis, which involves lepton number violation and generates a (B — L) number density
asymmetry at some high scale. The created (B — L) asymmetry is then rapidly translated into
the baryon asymmetry by (B + L) violating sphaleron processes above the electroweak scale.
Lepton number violation (LNV) is also closely related to the neutrino mass generation
mechanism. If neutrinos have Majorana masses, lepton number is violated, implying the
occurrence of neutrinoless double beta (Ovff) decay. We highlight here the fact that a non-
standard mechanism which contributes to Ovgf3 decay will also erase a pre-existing baryon
asymmetry produced at high scales in the early Universe. In other words, the observation of
non-standard Ov3f decay can falsify high-scale baryogenesis mechanisms [2].

2. Model Independent Description of 0v33 Decay

In order to be able to make a model independent conclusions, we describe Ov 53 decay generically
by AL = 2 odd-dimensional effective operators. There are 129 such effective operators up to
dimension 11 [3], for example

Os = AN L'LY)H*H'ejpey,
O; = AF3(L'd°)(ecuc)H ey,
Oy = Ay’ (L'L)(Qiue)(Qjuc),
On = A1_17(LiLj)(dec)(QldC)HmHiEjkglm- (1)
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In the above e¢,u¢,d¢ stand for the charge conjugated SU(2); singlets and L = (VL,eL)T,
Q = (ur, dL)T, H = (H*, H%)T represent SU(2), doublets. In Fig. 1 the contributions to 0v 33
decay from the above four operators are diagrammatically depicted.

Assuming the dominance of a single operator, the Ov35 decay half-life can be expressed as

AD 2D—-8
Tyjg = 2.1 x 107y - <A%> , (2)

where AOD is the scale corresponding to the current sensitivity, e.g. AY ~ 3 x 10 GeV.
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Figure 1. Diagrammatical description 0s 01 0 Oy Oﬂ”f 0”7 O“"‘/‘f
of the contributions to OvB3 decay
triggered by the considered effective

lepton number violating operators. (1)

Figure 2. Equilibrium temperature
ranges corresponding to particular op-
erators employing current and future
(left and right bars) sensitivity.

3. Lepton Asymmetry Washout
For the washout driven by a single LNV AL = 2 effective operator of dimension D the Boltzmann
equation for 7y, the net lepton number in dependence on temperature 7" and normalized to the

photon density n., reads
T2D—4

AD

dr

where n, ~ 273 /7% is the equilibrium photon density, H ~ 1.66\/g>*T2 /Ap; denotes the Hubble
parameter with the effective number of degrees of freedom g. (= 107 in case of SM) and the
Planck scale Ap; = 1.2 x 10! GeV. The constant cp acquires the following values for the
four operators of our interest: cg579113 = {8/7°,27/(27"),3.2 x 10*/7%,3.9 x 10°/7'3}. The
cosmological condition securing that the operator Op is in equilibrium reads

nyHT —

T T2D—4 A 2D-9
W D ~ 0.3cp o 2L (4)
H n HA2D 8 Ap AD
The above inequality is satisfied whenever the temperature 7' lies in the range
1
Ap 309
Apz2TZ2Ap=Ap | —F— ) 5
R v )
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which is shown for our four selected operators in Fig. 2. If Ov35 decay is observed and triggered
by one of the non-standard mechanisms, high-scale baryogenesis scenarios above Ap are excluded.
The upper limit Ap is given by validity of the effective operator approach. From Fig. 2 one can
see that there is a big difference between the temperature range corresponding to the Weinberg
operator (= 10' GeV) and ranges for other LNV operators (=~ 103~% GeV). This means that
Ovp3p decay can provide us with information about both low and high scales. However, it is very
important to be able to distinguish non-standard mechanisms from the standard one, as they
correspond to very different temperature ranges of efficient lepton asymmetry washout. This
can be achieved by the observation of the decay from different isotopes or by the measurement
of the angular and energy distribution of the outgoing electrons (SuperNEMO experiment).
Observation of LNV at the LHC would also imply an exponential reduction of a primordial
lepton asymmetry and an exclusion of highscale leptogenesis [4]. Obviously, only LNV in the
electron sector can be examined using Ov 35 decay. However, our conclusions can be generalised
to the equilibration of other flavours, in case that lepton flavour violation occurs (see Fig. 2).

The validity of the model independent approach can be tested by comparison with fully
UV-completed models containing low-energy LNV. Moreover, the interplay between LNV and
LFV operators and related effects on washout can be studied in such an approach. In Fig.,
3 the s-channel contribution to the washout produced by a generic model is shown and it is
apparent that it is even higher than the rate of the effective operator. This further strengthens
our argument that observation of Qv3f decay correspods to strong washout that would falsify
many scenarios of high-scale baryogenesis.
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