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I. Dořsner, S. Fajfer, S. Saad

Saad Neutrino Mass Induced n–n Oscillation 1 / 29

https://arxiv.org/abs/2509.00145
https://arxiv.org/abs/2510.16103


Outline

Consequence of Grand Unification and Neutrino Mass

Observable n–n Oscillation in UV Complete Seesaw Models

❄ n–n oscillation V. Kuzmin 1970

❄ Observable n–n in realistic GUTs Dořsner, Fajfer, Saad 2025
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Shortcoming of the SM

✗ Neutrino mass ✗ baryon asymmetry ✗dark matter

✓ Extension of the SM. → Guideline?
Saad Neutrino Mass Induced n–n Oscillation 3 / 29



Coupling Constants in the Standard Model

Group: SU(3)× SU(2)× U(1) Strength of Forces: α3, α2, α1

SU(3)× SU(2)× U(1) → Bigger symmetry!

Saad Neutrino Mass Induced n–n Oscillation 4 / 29



Why Grand Unification Is a Natural Expectation
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What is the Minimal GUT?

SU(3)× SU(2)× U(1) ⊂ SU(5)
Georgi and Glashow 1974

→ Only one unified force!

SU(5) : Quark-Lepton unification

5S = H(1, 2, 1
2
) + T (3, 1,−1

3
)
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Georgi–Glashow model

GG model: 5F + 10F + 5S + 24S

✗ Md = MT
e

✗ Gauge coupling unification

✗ Mν = 0

→ Accidental B − L global symmetry
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Neutrino Mass

Weinberg operator (Majorana neutrinos)

L5 =
1

Λ
5F5F5S5S =

1

Λ

LLHH︸ ︷︷ ︸
∆L=+2

+ d cd cTT︸ ︷︷ ︸
∆B=−2


︸ ︷︷ ︸

∆(B − L) = −2

1

Λ
d cd cTT → 1

Λ5
d cd c (ucd c) (ucd c) → n − n oscillation
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Consequences

QUARK–LEPTON
UNIFICATION
(GG MODEL)

MAJORANA
NEUTRINO

MASS

PROTON DECAY
|∆B| = |∆L| = 1

0νββ DECAY
|∆L| = 2

n–n OSCILLATION
|∆B| = 2

UNIFIED
DYNAMICS

|∆(B − L)| = 2
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(Realistic) Neutrino Mass and n–n in SU(5)

Dořsner, Fajfer, Saad 2025
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Neutrino Mass and n–n in SU(5)

Dořsner, Fajfer, Saad 2025
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Neutrino Mass and n–n in SU(5)

Dořsner, Fajfer, Saad 2025

Saad Neutrino Mass Induced n–n Oscillation 12 / 29



Neutrino Mass and n–n in SU(5)

Dořsner, Fajfer, Saad 2025
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Neutrino Mass and n–n in SU(5)

Dořsner, Fajfer, Saad 2025
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Type I/III mechanism in SU(5)

Dořsner, Fajfer, Saad 2025
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Type II mechanism in SU(5)

Dořsner, Fajfer, Saad 2025
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BNT mechanism in SU(5)

Dořsner, Fajfer, Saad 2025
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Zee mechanism in SU(5)

Dořsner, Fajfer, Saad 2025
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Zee-Babu mechanism in SU(5)

Dořsner, Fajfer, Saad 2025
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Realistic SU(5) GUTs

5H ⊃ ϕ1(1, 2, 1/2), 45H ⊃ Σ1(1, 2, 1/2) Georgi, Jarlskog 1979

LY ⊃ Y1 5F10F5
∗
H + Y2 5F10F45

∗
H

ME =
1

2
Y1v5 +

√
3

2
√
2
Y2v45

MT
D =

1

2
Y1v5 −

1

2
√
6
Y2v45

Dořsner, Perez 2006; Saad 2019

☞ Type-II seesaw: GG+45H + 15H
Dořsner, Perez 2005; Dořsner, Mocioiu 2008

☞ Type-I+III seesaw: GG+45H + 24F
Bajc, Senjanovic 2006; Dořsner, Perez 2006; Perez 2007
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SU(5): Type-II Seesaw

45H ⊃ Σ6(6, 1,−1
3
) 15H ⊃ ∆1(1, 3, 1) + ∆6(6, 1,

2
3
)

Dořsner, Fajfer, Saad 2025
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SU(5): Type-I+III Seesaw

45H ⊃ Σ6(6, 1,−1
3
) , 24F ⊃ ξ1(1, 1, 0) + ξ2(1, 3, 0) + ξ3(8, 1, 0)

Dořsner, Fajfer, Saad 2025
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Seesaw in SU(5)

K 0 − K
0
, B0 − B

0

Fortes, Babu, Mohapatra 2013; Dořsner, Fajfer, Saad 2025
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Seesaw in SU(5)

Collider: dijet resonance

CMS 2019
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Super-Kamiokande: bound neutrons

Γdecay rate per neutron per sec = (Rτ 2n−n)
−1

Nevents ∼ Nn × Γ× tSK × ϵ

R ∼ 0.5× 1023/s, Nn ∼ 1034n, tSK ∼ 20yrs

τSKn−n ≥ 4.7× 108 s SK 2020
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NNBAR Experiment: free neutrons

L ∼ 200 m ⇒ t ∼ 0.4 s.

P ∼ t2/τ 2n−n ∼ 7× 10−19; τSKn−n ∼ 15 years.

Nn ∼ 1011n/s. Nevents ∼ Nn × P ∼ few (in few years).

τNNBAR
n−n ≥ 3× 109 s ESS 2020
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Type-II: benchmark fit

✓ Md ̸= MT
e

✓ Mν ̸= 0

✓ g1 = g2 = g3 = gGUT

✓ τ(p → π0e+) > 2.4× 1034 years

✓ n–n oscillation

✓ Flavor & Collider constraints
Dořsner, Fajfer, Saad 2025
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Observable n–n: Type-II/III Seesaw

τSKn−n ≥ 4.7× 108 s , τHK
n−n ≥ (6− 10)× 108 s , τDUNE

n−n ≥ 7× 108 s , τNNBAR
n−n ≥ 3× 109 s .

Dořsner, Fajfer, Saad 2025
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Upshot

0νββ DECAY
|∆L| = 2

PROTON DECAY
|∆B| = |∆L| = 1

n–n OSCILLATION
|∆B| = 2

SU(5) GUT

THANK YOU!
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