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Motivation
Baryon Asymmetry

Baryon asymmetry in the Universe: YB =
nB−nB̄
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Motivation
Nature of Neutrinos

ν masses: mν/mt ∼ 10−12 y Physics beyond the SM
Dirac vs. Majorana νs

Leptogenesis
Majorana νs: CP violating decays of heavy NR

Fukugida, Yanagida (1986)

Dirac νs: Decays of heavy copies H2,3 of the SM Higgs H1
Dick, Lindner, Ratz, Wright (1999)

Yukawa interactions

�H2,3

νR

`L

Y †
2,3

1

+ �H3,2

H2,3

νR

`L

Ỹ †
2,3 Ỹ3,2

Y †
3,2

1

CP asymmetry

ε2 ≈
Im [tr(Y †

2 Y3) tr(Ỹ †
2 Ỹ3)]

8π tr(Ỹ †
2 Ỹ2)

M2(H2)

M2(H3)−M2(H2)
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Ỹ †
2,3 Ỹ3,2
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Setup
Multi-Throat Background

flat limit

−→

Calabi-Yau manifold

Extra Dimensions: Heavy KK excitations
Kaluza (1921), Klein (1926)

Multi-throats:
Multi-throat geometry
Cacciapaglia, Caski, Grojean, Terning (2006)

Solutions of super gravity
Klebanov, Strassler (2000)

Advantages:
Wavefunction localization (at different points)
Different KK spectra due to boundary conditions
Separation of particles
Correlations due to exchange symmetries

→ works also in the limit of flat 5D spacetimes!
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Setup
Model Setup

Field content and localization

throat geometry

3 Higges separated on 3 throats:
zero mode only on throat 1 (BCs)
→

〈
H

(1)
1

〉
= v/

√
2 on throat 1

Leptonic fields Ψi,a live on all throats
Yukawa interactions at yi = πR

Discrete exchange symmetries:
D1 : H1 ↔ H2, Ψ1,a ↔ Ψ2,a,

y1 ↔ y2

D2 : H2 ↔ H3, Ψ2,a ↔ PΨ
abΨ3,b,

y2 ↔ y3
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Setup
Discrete Exchange Symmetries

Multi throat geometry y leptonic zero modes @ yi = πRi

LL
H0L, ER

H0L

NR
H0L

H1
H0L

Hi
H1L

y1yi
IR UV IR

Wavefunctions

wavefunction localization

Discrete symmetries D1 and D2:

Protection of small relative
Higgs mass splitting
→ resonant leptogenesis

near the TeV scale
Wavefunction localization
→ neutrino Yukawa couplings

Y1 ∼ e−2πR|mN | Y2,3

related by exp. rescaling
(mN neutrino bulk mass)

connecting leptogenesis and
ν mixing parameters
→ model testable in future

ν oscillation experiments
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Results
Correlation of Low-Energy Parameters I

Connection between BAU and ν mixing parameters

Discrete symmetry D2: Y2 = PLY3

y tr(Y †
2 Y3) = tr(Y diag †

3 UPMNS
†PL † UPMNS︸ ︷︷ ︸

U†
` Uν

Y
diag
3 )

0 1 2 3 4 5 6 7 8 9
0

Π
2

Π

Θ13 @°D

∆

0.2 ... 0.0 ´ 10-8
0.5 ... 0.2 ´ 10-8
0.7 ... 0.5 ´ 10-8
0.9 ... 0.7 ´ 10-8
1.2 ... 0.9 ´ 10-8
1.4 ... 1.2 ´ 10-8
1.6 ... 1.4 ´ 10-8
1.8 ... 1.6 ´ 10-8
2.1 ... 1.8 ´ 10-8
2.3 ... 2.1 ´ 10-8
2.6 ... 2.3 ´ 10-8

rel. Higgs mass splitting

Correlation between θ13 and δ

PL =

0 −1 0
1 0 0
0 0 −1


(representation of ∆(24),
generates Z4 subgroup)

YB = (8.26± 0.27)× 10−11

θ12 = 33.2◦, θ23 = 45.0◦
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Results
Correlation of Low-Energy Parameters II

Connection between BAU and ν mixing parameters
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Summary & Conclusions

Resonant leptogenesis on Throats
Model on three 5D throats: GSM & discrete symmetries Di

Extra dimension: KK excitations as decaying states
Throats: Field separations & localization
Discrete symmetries: (i) degenerate scalar masses

(ii) constraining Yukawa couplings

Resonant Dirac Leptogenesis
Correlation between low scale observables & high scale
variables
y Model testable at future collider and neutrino

oscillation experiments, e.g. neutrino factories
Multi throat geometries offer also an interesting approach
to inflation, flavor symmetries, GUTs etc.

Andreas Bechinger 10 / 10



Thank you for your attention !!!

Cacciapaglia, Caski, Grojean, Terning (2006)
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Dirac Leptogenesis

Initial symmetry: BL/R = LL/R = 0

ℓL

ēR

ℓ̄L

νR

ℓ̄L

eR

ℓL

ν̄R

H2,3 H̄2,3

1

bC

bC

bC

bC

bC

L
′

L∆LL

LL LR

L
′′

L,R

∆B

B
′′ + L

′′

1

BL − LL = const

2

2

B

L

B − L = 02 B + L = 0

1

H2,3 decays generate relative
Lepton asymmetry: LR = −LL

SU(2)L Sphalerons affecting only LH sector dominate at T > Tc

y BL − LL conserved but BL + LL violated until 2BL + LL = 0
(LR equilibration processes in baryonic sector are fast)

At T < Tc LR equilibration takes over

y Final asymmetries: L = ∆LL = B = ∆B
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Fermion Localization

Fermions on an interval
Fermions in 5D vector-like

Li =
i
2

Ψ̄iΓ
M←→∂MΨi−mΨ

i Ψ̄iΨi

Throats connected by SUV

LUV = (mΨ)
1
2KΨ

ijΨ̄Liξ
Ψ
Rj +h.c.

KΨ
ij ∝

 δ −δ
−1 −1

1− δ 1 + δ



y1y2
IR UV IR

Probability Distribution

y mass splitting on loop level

m1 = m2 < 0 m1 = m2 > 0
m1 > 0, m2 < 0 m1 < 0, m2 > 0

Cacciapaglia, Caski, Grojean, Terning (2006)

Ψ
(0)
L (x, yi) = AΨ

0 exp(−mΨ
i yi)ψ

0
L(x)

NLi|πR− = Y 5
i HiLiL|πR−

y NL discontinuous at y = πR (LL continuous)
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y NL discontinuous at y = πR (LL continuous)
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Fermion Boundary Conditions

5D fermions (Ψ = L,E,N )

Ψi =

(
ΨLi

ΨRi

)

Brane-localized Yukawa couplings
y discontinuities of LRi, ELi, NLi

BCs at the IR branes

L̄Ri|πR−
i

= −(Y 5
i HiN̄Ri + Ỹ 5

i H̃iĒRi)|πR−
i

ELi|πR−
i

= Ỹ 5
i H̃iLLi|πR−

i

NLi|πR−
i

= Y 5
i HiLLi|πR−

i

(πR−
i ≡ πRi − ε for ε→ 0)

Note: LLi, ERi, and NRi, continuous over the whole interval
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Bounds on Yukawa Couplings

Bounds on the Yukawa couplings
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