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Introduction: Motivation in GUTs
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Grand unified theory (GUT)

• Unifies the fermion matter

N1

N2

N3

16-plet
SM fermions RHNs

• Unifies gauge symmetries & couplings

quark-lepton
correlation

SO(10)

PS

SM

• GUT groups

SO(10) GUT introduces:

• Fermion 16-plet 16F

• 126H  introduce MR → Seesaw Mv

• 10H, 120H, 126H → Fermion masses

Fu et al., [2209.00021]

GSM G422

G3221

S
O

(1
0

)



Introduction: Precision era of neutrino physics
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• Era of neutrino high precision measurements is coming !!!
Precision improved by ~1.6 

compare to all previous measurements !

59.1 days data

• NO & IO ?

• CP δ ?

• θ23 octant ?

DUNE~2030

Help us examine GUT models in lepton sector

For the future:

Abusleme et al. [JUNO], 

[arXiv:2204.13249]

Precision expectation: 

1 order than today’s



Quark-Lepton correlation:   General Yukawas
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After getting their VEVs: 

Forbidden by 𝑈 1 PQ
K. S. Babu et al., [hep-ph/9209215]

B. Bajc et al., [hep-ph/0510139]
Type-I dominant: 

SM:

Fermion masses                                                      Neutrino masses     

16-dim representation:

in PS (422): SM(321)

GUT: 

Quark-Lepton

correlation



Quark-Lepton correlation:   Unsuccessful Higgs contents
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10𝐻 120𝐻 126𝐻

Degenerate fermion masses, no flavor mixing, light neutrino massless

• A single Higgs contents

(We select Y126 diagonal basis)

Degenerate 

masses!

No CKM!

Too many DoFs ! 

How much Higgs content is 

needed for a successful fit?

Minimal                   A complete list

One？Two？

No Y126 → MR!

No Seesaw Mν

No CKM!

E. Witten, [PLB 91, 1980]

Y126 → MR√

Seesaw Mν√



Quark-Lepton correlation:   Unsuccessful Higgs contents
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Nearly degenerate 𝑚𝑏&𝑚𝑡! 

Contradict with experiments.

B. Bajc et al., [hep-ph/0510139]

• Two Higgs contents

Dueck et al., [1306.4468]

Non-SUSY

SUSY

Unable fit all fermion masses, mixing

E. Witten, [PLB 91, 1980]

No Y126 → MR!

No Seesaw Mν



8

M1

K. S. Babu et al., [1805.10631]

M3M2

K. S. Babu, B. Bajc et al., [1612.04329] 

K. S. Babu, C.S. Fong, et al., [2508.14969]
B. Fu et al., [2209.00021]

(CP symmetry)

Quark-Lepton correlation:   Successful models

In sum 18 Observables:

• 6 quark yukawa 

• 3 lepton yukawa

• 3+1 CKM parameters

• 3 PMNS mixing angle

• 2 ν mass square difference

General fermion Yukawas and Mν :                                  Input model parameters: 

In Y126 real diagonal 

basis → diagonal MR

real

Comparable√

real



Numerical Analysis: 
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We run SciPy Differential Evolution (DE) 

optimization in HIAS cluster with 3000 CPU cores.

NO & IO comparison

We note v fitting data for M1 as:

Step 1 – Random Initialization             

• Generating 15,000 random points

• Compute Fermion masses and mixings

• Initial χ² ∼ O(10⁸)

Step 2 – Differential Evolution Minimization

• 15,000 independent chains (MPI parallel)                     

• Population = 15/chain, up to 50,000 generations

• best1bin mutation (F = 0.7)    

Step 3 – Selection
• Keep only points with χ² / nobs < 10

GitHub Link: https://github.com/YeLingZhou/GUT_Yukawa_Fit

JUNO updated



Numerical Analysis: 
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Preference

NO

IO

Very rare: we only show 

IO in backup slides.

NO & IO comparison
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M1

Numerical Analysis:

Small hierarchy

• N1 leptogenesis √
Nearly flatly distributed

2 fitting at the GUT scale

Fitting data from K. S. Babu, B. Bajc, et al., [1612.04329]

who run Yukawas to the GUT scale.  We fit at GUT scale.
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M2

Numerical Analysis:

Large hierarchy:

• N1  leptogenesis ×
• N2  leptogenesis √

𝛿 ∈ [−70°, +70°]

2 fitting at the GUT scale

K. S. Babu, C. S. Fong,

et al., [2508.14969]

• Very large M3/M1~O(109) checked√

• More parameter space √

P. Di Bari, et al., [hep-ph/0502082]

O. Vives , et al., [hep-ph/0512160]

[Flipped-SU(5) prediction 

see Prof. X.G H’s talk]
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M3

Numerical Analysis:

TeV Collider Searches?

Small + large hierarchy:

• N1  leptogenesis √

• N2  leptogenesis √

𝛿 ∈ [−90°, +90°]

2 fitting at the GUT scale

B. Fu et al., [2209.00021] • We find large hierarchy for M3/M1√

• More parameter space √



Numerical Analysis:
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Histograms normalized 

by 

• M2: θ23 slightly prefer Oct.1

• δ mainly in [−70◦,+70◦] in M2, 

and [−90◦,+90◦] in M3, flat in M1

• Large hierarchy obvious in M2

statistical histogram

√

√

√

√



Conclusion
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Quark-lepton correlation can be increasingly important 

to test GUTs in the precision era of neutrino physics: 

• Clear preference:  NO √   &    IO

• M1-M3 can partially be tested by future 0νββ experiments

• In M2, large hierarchy of RHN masses √,  more parameter space are found

• PMNS 𝛿 ∈ [−90°, 90°] in M2 and M3, nearly flatly distributed in M1.

• M2 prefers 𝜃23 lies in 1st octant, M1, M3 not significant

Thanks！



Three models: M1, M2, M3
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Observables 𝑛obs=18

Babu, Bajc, Saad, 1612.04329

With RG effect running up to 

𝑀GUT = 2 × 1016 GeV

NO：

Data of IO are not shown here

w/o SK atm.

w/ SK atm.
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Benchmarks
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IO results M2: Very rare points
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IO results M3: Very rare points
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