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Baryon Asymmetry Problem

@ Our existence — baryon asymmetry:

ng — Ng _
ng = ——=L ~6x10"10
Ny

o CMB (Planck 2018): (6.12 4 0.04) x 1010

e BBN (deuterium abundance): consistent within uncertainties
@ Sakharov conditions (1967):

© Baryon number violation

@ C and CP violation

© Departure from thermal equilibrium
@ Why GUT baryogenesis fails:

o Electroweak sphalerons conserve B — L but erase B + L until
Tspha = 130 GeV

o Either baryongenesis not far away from Tha (EW baryongenesis),
@ Or L is also broken (Leptogenesis).
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Traditional Hierarchical Leptogenesis: Simple Extension to
SM -+ Majorana RHN

@ Type-l seesaw mechanism:
2

m, ~ V?yVDA_ﬂlyVT, Dy = diag(My, My, Ms), My < My, Ms.
@ Majorana mass term breaks L. S.cond. | vV
@ Decay of Ny produces CP asymmetry in « flavor S. cond. Il v:

o = F(Ny — LoH) —T(Ny — Lo HY) My Im{[yu]ar[m:yu]ar}

o = ~ 5
rla v2 [y;[}/l/]ll
@ Out-of-equilibrium condition S. cond. Il v:
! M
rla — [yl/]loz[8yzx]al 1 < H(T: Ml)
T

@ Everything works out...umm, qualitatively.
e But quantitatively, ng ~ 1072 — ¢; > 1077 — My > 10° GeV for
v ~ 246 GeV (Davidson—Ibarra bound).
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Challenges in Traditional Hierarchical Leptogenesis

e CP asymmetry magnitude: e; < 1077

e Davidson—Ibarra bound — M; 2, 10° GeV
o High-scale consequences:

o Reheat temperature Try = 10° GeV

@ Gravitino problem — BBN conflict
@ Relics overproduction,...

@ Naturalness & testability:

e M > vgn worsens hierarchy problem

o No foreseeable experiments can test M; ~ 10° GeV
@ DM implications in minimal seesaw:

o In absence of leptogenesis: lightest sterile neutrino Ny can be stable
DM.

e But traditional leptogenesis demands N; decay out-of-equilibrium to
generate asymmetry

e Simple sterile neutrino DM candidate is gone.
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Neutrinophilic 2HDM? or Resonant Enhancement?

°
M m{llaalmiy o}
2
v [leIYVlll
e Neutrinophilic 2HDM (v2HDM):
e Second Higgs doublet ®, with v, < vsp; couples only to neutrinos.

vV — Vo not vspy
o Induces AL = 2 washout via ¢/ <> ®d with rate:

T

2

Far2~ — Y _m},
V2

o Strong washout for v, <0.5GeV = M; > 10° GeV.
@ Resonant leptogenesis:
o CP asymmetry from self-energy diagrams peaks when
e M;» — TeV, no problem.
o But wow, at what cost? For My, ~TeV, need AM/M < 107°.
o And the tuning is not radiatively stable—loop corrections generically
spoil the degeneracy.
@ Which one to choose?
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Toward TeV-scale without Extreme Tuning

v2HDM 4 Resonance Enhancement v/

@ Combined framework
enhancements:
e Balances strong Yukawas from
resonant enhancement with
AL = 2 washout constraints

from v2HDM

o Achieves much lower
M; ~TeV

e Small v» <« vg)\ reduces
tuning to

AM/M ~1072-103
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Toward TeV-scale without Extreme Tuning

o AM/M ~1072-103:
e Aha, analogous to o) L A——
AIrlgol < Amgtm )
o Well knowingly explainable by Fis |
softly-broken U(1)L, 1,51,
Apply to N. Mass texture:
(0,M, M) —
(O(S), M = 0O(S), M+ O(5))
M ~ TeV — O(S) ~ O(GeV)
Fully flavored regime:

o At T < 10°GeV,
charged-lepton Yukawas are in
equilibrium. All three flavors 0(GeV) My (DM)
decohere. Flavor effects!

@ In principle, each N; can carry
a different flavor.

@ Only one flavor needs to
survive.
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Dark Matter connection

e My < Ty, decouples after

sphaleron freeze-out. Baryon orTev) i L asymmetry
asymmetry is already frozen

when Nj becomes thermally e
important' 0O(100GeV) Tsph

@ Ny becomes stable
MeV-GeV-scale DM candidate

@ Why this not work for ething o do it AU
traditional leptogenesis?
o N3 decays occur at
T ~ M273 > My, but the
generated lepton asymmetry is
subsequently washed out by
Ny when T ~ M.
e Only the lightest Ny decay
can preserve the asymmetry.
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Stability of N,

Stability criterion: Ty, < Hop ~ 10718571 (age of the Universe).
@ Two-body decays N; — /h: forbidden for My < my ~ 125 GeV.

o Three-body decays (e.g. Ny — ¢lv, vvv, etc): rates suppressed by
highly off-shell mediators.
o Loop-induced decays via active-sterile mixing #2 ~ m, /My:
o Toop < Hp for myigniest < 1073 eV.

~

o Coincidentally or not, this matches the leptogenesis bound on miightest-
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Qualitatively enough.
Quantitatively?
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Casas—Ibarra Parametrization & Scan Setup

o Parametrization: — useful to connect experimental inputs with
model parameters

2
Yo = \Q Upmns v/ Dm, R\/Dm,

with R a complex rotation matrix, parametrized by complex angles
zi=x;+1iy;.
e Experimental Inputs (NuFit-6.0):
o PMNS angles & phases within exp uncertainties.
o Light neutrinos mass diferences squared: Am?,, Am?,,,
@ Scanned parameters:

o Rotation angles x;, y;

o Lightest neutrino mass Mightest

e Heavy neutrino masses M, and mass splitting AMs, /M,
e Higgs VEV ratio tanf = v; /w2
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Numerical Results: Rotation Angles

o Fixed M, = 10TeV, AMsy/ My = 0.1%, tan § = 250

T e

Inverted Ordering

T e

Normal Ordering

@ Structured patterns and correlations among the rotation angles for
successful BAU. Flavor symmetry?
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Numerical Results: Masses

e Fixed M, = 10TeV, AMs3y/ My = 0.1%, tan § = 250

6x107° 6x10-°
6x 10710 6x10-10

= 6x 10711 = 6x 1071

> >

oA — 2 —

< 2@ < 128
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> o

2 6x 10713 9 6x10°13
6x10714 6x10714
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@ My has no impact on leptogenesis, as expected.
® Miightest 103 eV. Coincidence with the DM stability of N;?
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Takeaway

@ Traditional leptogenesis’s fine-tuning and untestability issues are
resolved:

o Quite mild mass degeneracy AM/M ~ 0.1 — 1%

o No naturalness crisis; all model parameters remain at TeV scale.
Rich Experimental Phenomenology *:

e Fully accessible at colliders and experiments while we are alive
Dark matter candidate restored:

o N stable MeV-GeV DM emerges naturally when My < Tgpn
Unified framework addressing BAU, neutrino masses, and potentially
DM relic abundance
@ Ambitious goal: Can a single UV theory — such as a flavor

symmetry — simultaneously generate:

e The required BAU via flavored resonant leptogenesis
e The mass patterns of sterile neutrinos
e The mass patterns of active neutrinos
o A viable DM relic density °
*arXiv:25xx.xxxxx [hep-ph]

BarXiv:25xx.xxxxx [hep-ph]
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Thank You

Questions?
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Backup: N; Washout suppression

Leptogenesis temperature: T ~ M, > M
Decay width of Ni: 7 oc M
Hubble parameter: H(T) x T?

Suppression:
@ N is thermally unimportant when leptogenesis happens:

e 6 o o

r M
! x 2 <1

W P
VR(T ~ M) ™ M2

@ Flavor Misalignment: impose N; — {3 mostly, N, — £, while
by L 4g.

@ When N; becomes thermally important at T ~ Mg, sphaleron
conversion is already stopped. BAU is already frozen.
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Backup Slides — Experimental testability:

TeV-scale N> 3 and displaced Nj vertices in colliders.

Exotic meson decays in fixed-target experiments.

LFV

°
o
@ DM recoils
o
@ Sizable neutrinoless double beta decay.
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Backup Slides — AL = 2 Washout
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