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Constraints from v-Oscillation Data
in Model with 2 Heavy Neutrinos
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ATLAS Reinterpretation
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Interpretation of ATLAS data (and others) depends on assumptions about “flavour
mixing pattern”
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Constraints from v-Oscillation Data
in Model with 3 Heavy Neutrinos
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CHARM Reinterpretation
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HNL decay through neutral current can produce electrons any muons even for pure T mixing
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MicroBooNE Reinterpretation
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Authors re-interpret Higgs-portal scalar decay in terms of HNLs
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T2K Reinterpretation
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e Authors claim to rule out HNLs below
the kaon mass.

* However: Note that BBN bound
depends on flavour mixing pattern!
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ArgoNeuT Reinterpretation
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EFT Approach
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EFT Approach
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Plots from Beltran et al 2110.15096

See also Julian Giinther’s talk and 2111.04403
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Dirac vs Majorana

Polarization of N
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e Polarisation of HNLs is

related to their

nature (Dirac/Majorana) and

interactions

e This leads to forward-backward

asymmetry in the decay
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Leptogenesis with 3 HNLs
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Leptogenesis with 3 HNLs vs 2 HNLs

1071 ¢

1079 ¢

_=rl
10 !}r

-== Thermal initial conditions, n=2
10-13} — Vanishing initial conditions, n=2
-== Thermal initial conditions, n=3
| — Vanishing initial conditions, n=3

1071 — S — S - S -
10~ 10" 10t 107 10°

M [GeV]


https://arxiv.org/abs/2106.16226
http://arxiv.org/abs/arXiv:2008.13771

Overview

Pure type I seesaw: reinterpretation news
Non-minimal models: pheno news
Pure type I seesaw: leptogenesis news

Non-minimal models: leptogenesis news



YaB

ARS Leptogenesis with extra Scalar

10~*
A Y
2| 7712 IJ  77¢ :
Lo =—SHHP - Y22 NN,
— Foy Lo(eH*)N; + hec ool
ﬁ [
“1- ‘ 1071 E
* Equilibration of HNLs by new a4
interactions suppresses efficiency of .|
ARS mechanism (“freeze-in :
leptogenesis”) 03]
o [ Flood etal 2109.10908
3:5x10 | —- L1 Fischer et al 2110.14499 P10 exIIxI0d  Bx107 0.00] 0.005_0.010
3.x10710H —» L2 y
H - L3 '
2.5x10'm:‘ —o VMSM
> v 1000F  But “freeze-out mechanism” works
: down to M~ 2 GeV (see previous
1.5x107F : . .
: slide), making low scale leptogenesis
L.x107% feasible in presence of new
5.x 1011} interactions!
ok,

E s 10 T s0 100
Mp[GeV]


https://arxiv.org/abs/2110.14499
https://arxiv.org/abs/2109.10908

Take Home Messages

Many re-interpretations are being done — exciting!!!

However: re-interpretations, cosmological bounds strongly
depend on “flavour mixing pattern”

(and therefore on v-oscillation bounds, # HNL generations,
lightest SM v mass...)

Exploration of non-minimal models is gaining momentum!
Leptogensis from HNL freeze-out works for masses down to few

GeV and mixings accessible to LHC, making it potentially testable
in both minimal and non-minimal models!



Backup Slides



low scale

high scale

Thermal Leptogenesis Fukugita/Yanagida 86

M>>TeV

ReSOHant Leptogenesis Pilaftsis/Underwood 04

ﬁ

Leptogenesis from Neutrino Oscillations

\Y B K\

l

Akhmedov/Rubakov/Smirnov 98

Vel ¢ V4
big bang FIPs Report 2102.12143

\

time

T=130 GeV

92
O
o
S
®
~
Q
-
==
~
®
®
N
@
Q
c
S
Ul
Q
=
<
Q
-
¥
n
<
=
E
®
¢—|-
=
<
my
x
®
Q.

=
=
®
®
N
?
Q
c
==
o)
-
Q.
Q.
®
@)
o)
<

Ul pajerdudd Arjowuwise

AIjowIruIAse

ur [;awxauaﬁ


https://arxiv.org/abs/2102.12143

B-L Symmetric Limit with 2 HNLs

Mass basis at T=0 is the one where spinor L-charge
M is diagonal - |
B-L limit: vkRs and vrRw define vRs = 75 (VRL + WVR2) +1
“interaction basis” Viw = == (VR1 — iVR2) —1
T >> M : thermal masses dominate,
interaction basis is mass basis o
F.(1+e) iF(1—e¢) - \Y osc1llat10.n
F=|F,(1+¢) iF,(1—¢,) « data cons.trams
Fr(14¢) iF(1—¢,) « strucrure in SM
“mass basis” ﬂavours )

* *

B-L symmetry dictates structure in sterile flavours



Constraints from Leptogenesis
in Model with 2 Heavy Neutrinos

0. A1
M =30 GeV
V 0.6
fv\0 s
N &

\ N/ N\ /
\/ / \ \ //X 0.2

0.

«,» \>/ /\ / \ /N
/ \/ \ v oy \/ \/ i
0.4 : :
ue2/u2 Ue?/U?
normal neutrino mass ordering inverted neutrino mass ordering

Large U? require strong hierarchies in couplings to SM generations

plots from Antusch/Cazzato/MaD/Fischer/Garbrecht/Gueter/Klaric 1710.03744
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Constraints from Leptogenesis
in Model with 2 Heavy Neutrinos

Mass basis at T=0 is the one where spinor L-charge
M is diagonal L |
B-L limit: vks and vrw define vRs = 5 (VR1 + iVR2) +1
“interaction basis” Viw = == (VR1 — iVR2) —1
T >> M : thermal masses dominate,
interaction basis is mass basis
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Quantitative Description

e Need to track three SM chemical potentials

« Track coherences for heavy neutrinos (“density matrix equations”)
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density matrix Heavy neutrino effective Hamiltonian



Constraints from Leptogenesis
in Model with 2 Heavy Neutrinos

r ) ) ‘ - \
e Mass basis at T=0 is the one where spinor L-charge
M is diagonal (e 4 ivmo) 0

.. . VRps = —=(V IR
e B-L limit: vks and vrw define fis = 2\ 7hl i
“interaction basis” VRw = —= (Vg1 — iVR2) —1
] V2
e T>>M:thermal masses dominate,
interaction basis is mass basis
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FT(:' -1 (T) ]'FT(]' - (T) F’T FTE'T
“mass basis” “Interaction basis”
\__ J

« For large U?, vrs comes into equilibrium quickly, deviation from
equilibrium necessary for baryogenesis comes from Vgs

« For T ~ M both states become “strongly” coupled (LNV rates)

« Only way to prevent washout: Have one SM flavour feebly coupled

Structure in sterile flavours enforces hierarchy in SM flavour!



B-L Symmetric Limit with 3 HNLs

charge assignment in Lagrangian approximately conserved
charges in leptogenesis
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B-L Symmetric Limit

charge assignment in Lagrangian approximately conserved
spinor L-charge charges in leptogenesis
spinors L-charge
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B-L symmetry dictates structure in sterile flavours
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Dynamical Generation of Resonance
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 level crossing between the quasiparticle dispersion relations in the
plasma (“thermal masses”) can dynamically generate a resonance

« Strong enhancement of the asymmetry with only moderate degeneracy
in the vacuum masses


http://arxiv.org/abs/arXiv:1810.12463

Maverick Heavy Neutrino

) ) ‘ - 2
Mass basis at T=0 is the one where spinor L-charge
M is diagonal (e 4 ivmo) .
. . VRs = —=(V %
B-L limit: vkRs and vrw define fis = g7l 2
“interaction basis” VR = %(ym — ivR) —1
T >> M : thermal masses dominate,
interaction basis is mass basis YR3 0
: - /
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— L Y 1 /
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Third state vr3is free of the constraints that relates vr3 and vrw

It can maintain deviation from equilibrium even when LNV rates come
into equilibrium

Can avoid washout even for large couplings of pseudo-Dirac pair

No need for a hierarchy in SM flavour couplings to prevent washout!
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