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Leptogenesis, seesaw | mechanism requires lepton number
violation

Generated by spontaneous Lepton Number Breaking

Lepton number breaking in Singlet Majoron Model

Vanilla Leptogenesis influences symmetry breaking scale,
reheating temperature

Influences cosmological majoron production

Different cosmological constraints on Majoron
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Killing three birds with one stone?
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Welcome to the singlet Majoron Model!
® Lint D APNN + ypLHN + h.c. + V()

® Scalar ® (carries Lepton number), 2 or 3 SM singlet Majorana
Neutrinos Ny 23

o V() = k(92— £2)°
® Has U(1), global symmetry

e U(1), spontaneously broken

® Generates lepton number violation necessary of Leptogenesis
® Gives mass my to RHNs

® Determining scale of Leptogenesis and Type | Seesaw
® Majoron- Goldstone mode 6
® Small explicit U(1), breaking given by §V = m,2f,% (1 — cosf)
® Can be dark matter
Cosmological Majoron Production — Cosmological constraints on
Majoron properties
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Connection to Vanilla Leptogenesis

® | epton asymmetry generated by N; decay, converted to
Baryon asymmetry through sphalerons[Yanagida, Fukugita,
1986]

® High scale of lepton number breaking set by Davidson Ibarra
bound c.f. requirement of vanilla leptogenesis

® High scale = Irreducible Majoron production from
Inflation(pre-inflationary scenario) or strings and domain walls
(post inflationary scenario), which can be DM

e Assumption- myo = mys > 100mp1 (Heirarchy required for
vanilla leptogenesis)
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Majoron Decay |

® Decay channels at tree level
® a—-vv
~ _Ma 3
F(a — l/l/) = Tonr2 Zi:l my;

¢ Decay channels at one loop[Heeck, Garcia-Kely, 2017]

2

® a2 ff

Figure 1: Taken from [Heeck, Garcia-Kely, 2017]
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Majoron Decay Il

® Majoron decay in two loops [Heeck, Patel, 2019]

Figure 2: Majoron to photon decay at two loops. Figure taken
from [Heeck, Patel, 2019]
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Stability in sub-MeV region

® m, <MeV = Majorons decay to neutrinos and photons

® These decay channels highly suppressed — Stable Majorons
= Can be all of DM

®* m,> MeV = a— eTe™ channel opens up; Heavier
fermion channels open up at higher masses =—> Majoron
unstable

® Natural separation between sub-MeV and super MeV majoron
mass scale
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Majoron Production |

Pre-inflationary scenario (f > Trp)
® Zero mode oscillations from average initial misalignment
® Majoron field value initially frozen at §; when Hubble friction
dominates
® Starts oscillating when H ~ m,, defined as 3H(t,sc) = m,

3
® At late times py(ty) = %m32<9,-2> (%)

* (#;*) determined by type of inflation- Short or Long
9,’ =

0
Figure 3: Misalignment pictorial depiction
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Majoron Production Il

® Short inflation

® Numbers of e-folds N. ~ 60
® Majoron 6; sampled uniformly between [—7, +71] =

0; =0(1)
® Long inflation

® N, >> 60, Hubble low enough
® Ensures majoron stochastically relaxes to minima ((6;) = 0)
® Quantum fluctuations prevent majoron from settling at

minima; Fluctuations from mean given by p() o e
= (6;*) # 0, but much smaller than short inflation
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Isocurvature

® Pre-inflationary scenario

® Fluctuations in the majoron field during inflation of order
da~ %

® Different values in different Hubble patches

® |nduces majoron density fluctuations — Isocurvature

perturbations of majoron field

University of Pittsbu PITT PACC

Cosmological constraints Majorons from Vanilla leptogenesis



Phenomenology
00000000e

Blackhole Superradiance

Figure 4: Blackhole superradiance

® Spin-0 scalar mass comparable to Inverse Schwarchild radius
of Blackhole = Angular momentum from blackhole
extracted through superradiance, Reduces the spin of
blackhole[Baryakhtar et al, 2021]; applicable for majorons

® Spins of stellar mass blackholes in X-ray binaries measured
® Some have extremal spins

® Constraints on majoron mass
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Pre-inflationary, Short Inflation |
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Figure 5: Try = 0.1f, Maximal possible Tgy
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Pre-inflationary, Short Inflation Il

Figure 6: Try = 102 GeV, Figure 7: Try = 100 GeV,
minimal for 2 RHN minimal for 3 RHN
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Pre-inflationary, Long Inflation
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Figure 8: Try = 1010 GeV
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® Constraints from Post-inflationary scenario
e Constraints from gravitational waves

® Constraints from majoron decay in super MeV region
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® Singlet Majoron model provides solution to Baryon
asymmetry, Neutrino mass and DM problem

® Majoron can be all of DM in sub MeV scale

® | eptogenesis and seesaw requirements impart a minimal scale
to the model

® Results in irreducible cosmological production of Majoron

e Constraints on parameter space obtained from cosmological
and astrophysical phenomena e.g. Isocurvature, DM
overabundance, Supperradiance, photon decay
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Post inflationary production |

Post-inflationary scenario (f < Tru)

® Thermal production

® Non-thermal production
® Zero mode production from average initial misalignment

® Cosmic string decay
® Decay of Domain wall- Cosmic string networks

Figure 9: Figure 10:
Cosmic strings Domain walls

Cosmic strings and domain walls can also produce GWs Thermal
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Post inflationary production Il

production
® Majorons coupled to thermal bath at high temperatures

® Decoupled at T ~ my,

® Majoron number density during decoupling

¢3)

na(T ~ le) - ?(T ~ le)3

® Number density at late times

(B) s 434 4
w2 Og*(TNle)ll

na(to) =

Zero mode oscillations from average initial misalignment
e Similar to the inflationary case
® 0; ~ O(1) (similar to short inflation)
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Post inflationary production IlI

Cosmic string decay

® Spontaneous U(1); Symmetry Breaking at T ~ f
e Angular mode can take VEV (6) € [0, 27]

e A(f) =27 in a closed loop = Topological defect —
Cosmic strings

® Decay into Majorons and Gravitational Waves
® Most majorons radiated around t ~ t;

® Majoron number density at late time ty given by

3
a(t L 1 1
na,str(tO) ~ ( 1) 51 f21 - L e 73
2(to) dtr /) Hubble L

S L
cosmic Hub}%/ Lmegiﬁ?bb Length
dilution volume
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Post inflationary production IV
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Post inflationary production V

Domain wall- String network decay

® Majoron mass becomes 'effective’ at t ~ t;

U(1), explicit breaking effective

Multiple discrete vacua — Domain walls

Walls form network with existing strings

For Npw = 1, wall-string network collapses
® Majorons produced
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Post inflationary production VI

® Majoron density at late time ty given as

a(t1)
a(to)

3
> [Al X Owall X L2 + 51 X Ustr X L]
Energy of string wall network/

Ny wall str(tO) ~ (

cosmic Hubble volume
dilution 1

Hubble

Volume
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Gravitational waves

® GWs from cosmic strings

® Horizon size long strings intersect and are chopped — sub-horizon
sized string loops formed

® String loops oscillate, radiate energy as GWs and Goldstone bosons

2
® GWs supressed compared to Goldstone boson production by ( fo )

mp;

® Primordial Stochastic GW background formed

® GWs from Domain Wall collapse
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