PROCEEDINGS

OF SCIENCE

Falsifying Baryogenesis Mechanisms through
Observation of Lepton Number and Flavor Violation

Frank F. Deppisch*f
University College London, United Kingdom
E-mail: £.deppisch@ucl.ac.uk

The presence of (B — L) violating interactions is a necessary ingredient in many models trying
to explain the observed baryon asymmetry of the universe, but if they are found to be strong
they herald the occurrence of a temperature range where any pre-existing (B — L) asymmetry is
washed out. We demonstrate in a model-independent approach that the observation of lepton
number violating processes can rule out or strongly disfavor certain mechanisms of baryogenesis,
including leptogenesis scenarios. We will especially focus on non-standard mechanisms of neu-
trinoless double beta decay as well as potential lepton number violating processes at the LHC. If
such processes are observed associated to a certain energy scale Ap Ny, baryogenesis mechanisms
acting at higher scales will be generally disfavored. We will further describe how the argument
can be strengthened by using information from lepton flavor violating processes such as y — ey.
If additionally observed, it would indicate the presence of interactions that equilibrate different
lepton flavors, closing the loophole of asymmetries being stored in different lepton flavors. We
will outline in detail how baryogenesis mechanisms are affected by certain observations.
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The observed matter-antimatter asymmetry of the universe cannot be understood with Stan-
dard Model physics. A large number of possible mechanisms to generate the observed asymmetry
have been proposed. An interesting scenario is leptogenesis [1]. In its original formulation, the
out-of-equilibrium and CP violating decay of the heavy Majorana neutrinos in the type-I seesaw
mechanism create a lepton asymmetry which is then converted into a baryon asymmetry through
(B+ L) violating electroweak sphaleron processes [2].

The presence of lepton number violation (LNV) is a crucial ingredient in leptogenesis. Vice
versa, the observation of LNV would have important consequences on the viability of baryogenesis
models in general; specifically, it is possible to falsify a large class of high-scale baryogenesis
scenarios if LNV was observed at the LHC [3]. For example if a resonant LNV process with the
signature pp — [*1%jj is observed, its LHC cross section oy yc is related to the induced lepton
asymmetry washout rate I'yy /H (relative to the expansion of the universe) [3],

log,o(Tw/H) 2 6.94+0.6(Mx/TeV — 1) +1log;o(oLuc/1b). (1

Here My is the mass of the hypothetically observed resonance. If I'yy/H > 1, the dilution of a
primordial net lepton number density, understood to be produced in a baryogenesis mechanism at
a higher scale, is highly effective and the lepton asymmetry would be washed out before sphaleron
processes take effect. This is also illustrated in Fig. 1 showing 'y /H as a function of the observed
LNV resonance mass My and the process cross section ozyc. Observation of LNV at the LHC
would therefore strongly constrain baryogenesis scenarios above the scale My.
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Figure 1: Lepton number washout rate as function of the corresponding LHC cross section and resonance
mass (solid blue contours). The dashed red curves give typical cross sections of resonances produced through
the quark channels uu, ud and dd with gauge coupling strength for comparison. Taken from [3].



Falsifying Baryogenesis through Observation of LNV and LFV Frank F. Deppisch

(c) (d)

Figure 2: Contributions to 0v3 8 decay generated by effective dimension-5 (a), dimension-7 (b), dimension-
9 (c) and dimension-11 (d) operators.

A similar argument can be applied to non-standard mechanisms mediating Ov3 3 decay and
low energy LFV processes [4]: if observed, the corresponding processes would be in equilibrium in
certain temperature ranges. The low energy Ov3 3 decay can in general be triggered by effect LNV
operators of dimension 5 (the Weinberg operator leading to the standard light neutrino exchange),
dimension 7 (generically leading to long-range contributions again mediated by light neutrinos)
and higher odd-dimensional operators (generically leading to short range operators). Typical con-
tributions, up to dimension 11, are graphically displayed in Fig. 2. Current Ov 3 decay searches
probing half lives T]O/‘;ﬁ P > 10% yr are roughly sensitive to the scales As ~ 10'* GeV (seesaw
scale), A7 ~ 10* GeV and Ao 11 ~ 103 GeV, of these operators. Similarly, the presence of any of
these operators will also lead to a washout of lepton number in the early universe. As in the case of
LNV at the LHC, the Ov33 decay rate can be related to the washout rate. This is shown in Fig. 3
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Figure 3: Temperature intervals where the given LNV and LFV operators are in equilibrium assuming that
the corresponding process is observed at the current or future experimental sensitivity. Taken from [4].
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where the coloured bars denote the efficient equilibration temperatures assuming the relevant ob-
servable is seen at the current (left bar) or expected future (7 10/‘;ﬁ P~ 1077 yr, right bar) sensitivity.
In the case of the 7,9,11-dimensional effective operators 7 9 11 mediating Ov3 8 decay, an electron
lepton asymmetry present at energies higher than the electroweak scale would be washed out.

Observation of LFV via 6-dimensional lepton flavor violating (LFV) operators at compatible
scales would allow to extend the argument to other flavours than the electron. The most stringent
limits on LFV are currently set on 6-dimensional AL = 0 operators 0.y, Or1y and 0.4 leading to
the following decays and current experimental limits: Bry .y < 5.7 x 10713 [5], Brpy $4.0 %
1078 (£ = e, ) [6], Rj",, < 7.0 x 10713 [6]. The expected sensitivities of ongoing and planned
experiments are Bry, ¢y~ 6.0 X 107 [7], Brr_,4, ~ 1.0 x 1077 [8] and R, , 2.7 x 1077 [9]. In
a similar analysis to the above discussed LNV operators, one can relate the rare LFV process rate
with the corresponding flavor equilibration temperature range. In Fig. 3, the flavor equilibration
ranges are shown assuming current and future LFV process sensitivities, alongside the electron
lepton asymmetry washout of the Ov33 LNV operators. If LNV and LFV is present at similar
scales, the washout of the electron lepton number will thus be transmitted to muons or taus.

Searches for LNV in Ovf3 3 decay, at the LHC and in other contexts (for example LNV meson
decays) are thus powerful tools to narrowing down models of baryogenesis. If OV decay was
observed via a non-standard mechanism, it would point us to low-scale baryogenesis as well as a
probable discovery of LNV at the LHC. If however, high-scale baryogenesis is realised in nature,
no LNV is expected to be discovered at the LHC. If OvB decay was observed, its underlying
mechanism is then likely to be the standard mass mechanism via the Weinberg operator and it
would point us to a high-scale origin of neutrino masses. Loop holes in this reasoning exist and we
would like to refer the reader to [3, 4] for a more detailed discussion.
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