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After 1 year following the beginning of the precision era
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JUNO data first release

2511.14593

First results using 59 days’ data

Adding Constraint from NuFit-LBL
 Δm2

31 from reactor and accelerator neutrinos should align at the right mass ordering[1]
 Adopt the NuFit-LBL results from [2]: normal mass ordering is favored at Δχ2 = 4.86

[1] H. Nunokawa, S. Parke and R.Z. Funchal, Phys. Rev. D 72 (2005) 013009; Y. F. Li et al., Phys. Rev. D 88, 013008 (2013)
[2] NuFIT 6.0 (JHEP 12 (2024) 216 [arXiv:2410.05380]), www.nu-fit.org and M. Maltoni private communication

Posters: 252, 205
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Yifang Wang’s talk in Neutrino 2026

See Yi Jia’ talk

Hint to neutrino mass ordering using 207 days’ data



This talk will discuss

How GUTs provide insight to neutrino physics?


What GUTs benefit from recent neutrino precision measurements?
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[1] Z. Q. Chen (陈子强), G. X. Fang (方高祥) and Y. L. Zhou, 
``Probing quark-lepton correlation in GUTs with high-precision neutrino measurements,’'  
[arXiv:2511.16196 [hep-ph]]. 

[2] Z. Q. Chen (陈子强), W. H. Jiang (蒋文皓), and Y. L. Zhou, 
``Universal two-zero texture in SO(10): implications of JUNO and realization from non-
invertible symmetries,’'  
[arXiv:2606.24571 [hep-ph]]. 

Talk based on



Road to unifications
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Electromagnetism
Electricity

Magnetism
Weak interaction

Electroweak interaction

SU(2)L × U(1)Y

Strong nuclear interaction (QCD)

Grand UnifiedSU(3)c

Theory (GUT)



Unification of gauge symmetries

Unification of gauge couplings

Unification of matters

GUTs unify forces, also matters, and lead to rich phenomenology
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GGUT ⊃ GSM = SU(3)C × SU(2)L × U(1)Y

Three gauge couplings, are running to  
be unified at the GUT scale MGUT

In SO(10) GUT,  
all matter fields 
are arranged in  

 representations 16
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Rich phenomenology in GUTs
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GUTs Broken at MGUT

GSM × U(1)B−L

Standard Model

Broken at MB−L

Gauge unification

Proton decay

Gravitational waves

Potentially 
intermediate 
New Physics 

……

Potentially 
intermediate 
New Physics 

……

Quark-lepton correlation of masses and mixing

Explaining matter-antimatter asymmetry

A lot of refs…

Majorana masses of right-handed neutrinos  
& origin of light neutrino masses



Proton decay constraints in the future
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Snowmass, 2203.08771



Proton decay in SO(10) GUTs
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Mechanisms of gravitational wave (GW) genesis in GUTs

Most GUTs include , denotes the scale as U(1)B−L MB−L
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loops

long strings

Strings intersect and intercommute to form loops and cusps

Vanchurin, Olum, Vilenkin, 0511159Loops oscillates via gravitational radiation

Spontaneous breaking of  generates cosmic strings.U(1)B−L

Another mechanism: GW via GUT phase transition?

GW via cosmic strings

——require technique developments to measure high-frequency GW, see e.g., 2011.12414, 2310.06607

π1(U(1)) = Z



GWs predicted in non-SUSY SO(10)
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GUTs meet PTA 2023
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not inflated

GWs in flipped SU(5) 
King, Leontaris, YLZ, 

2311.11857

GWs in SUSY SO(10) GUTs 
Fu, King, Marsili, Pascoli, Turner, 
YLZ, 2308.05799



Quark-lepton correlation in SO(10) GUTs
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Quark-lepton correlation    ℒY = 16F [ Y1010H + Y120120H + Y126126H ] 16F

Field arrangements: fermions ,  ∼ 16F 16 × 16 = 10symm + 120anti-symm + 126symm
   Three higgses can be introduced  ⇒ ∼ 10H, 126H, 120H

Yu = cu
10 Y10 + cu

126Y126 + (cu
1201

+ cu
12015

) Y120

Yd = cd
10 Y10 + cd

126Y126 + (cd
1201

+ cd
12015

) Y120

Ye = cd
10 Y10 − 3cd

126Y126 + (cd
1201

− 3cd
12015

) Y120

Yν = cu
10 Y10 − 3cu

126Y126 + (cu
1201

− 3cu
12015

) Y120

MR = vSY126

Mν = Y126vΔ − YνM−1
R YT

ν v2
General formula with  
Peccei-Quinn symm

Dutta, Mimura, Mohapatra, hep-ph/0406262

A complete list of possible combinations of Higgs content in renormalisable SO(10) GUTs

) We perform scan of these models
Model 1

Model 2
Model 3



Mass ordering predicted in GUTs after JUNO first data release

15

0.001

0.010

0.100

1

NuFIT 6.0
  (N1)  

  (N2)  

  (I1)  

  (I2)  

JUNO 59 days’ data 

Viable points for χ2/nobs < 10

Quark, charged lepton and CKM data run to GUT scale Babu, Bajc, Saad, 1612.04329



Other neutrino observables in GUTs after JUNO first data release
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Model I Model II Model III



Predictions via quark-lepton correlation

17

Model 1,  with  

The minimal Higgs content
(10ℂ, 126ℂ) U(1)PQ Altarelli, Meloni, 1305.1001;


Babu, Khan, 1507.06717;

Ohlsson, Pernow, 1903.08241;

Mummidi, Patel, 2109.04050

Yu = S + D
Yd = r2S + eiωr1D
Ye = r2S − 3eiωr1D
Yν = S − 3D

MR = vRD,
Mν = − YνM−1

R YT
ν v2

• CP phase uniformly distributed

• 0νββ not testable

• Prediction on RHN masses 

     large hierarchy 
M1 ∼ 109−10 GeV
M3 ∼ 1012−13 GeV

• The B-L breaking scale 



• Thermal leptogenesis favoured
MB−L ≳ 1012−13 GeV

# of free parameters: npara = 19

nobs = 18



Predictions via quark-lepton correlation
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Model 2,  with SCPV 
All Yukawa at GUT scales are real

(10ℝ, 126ℂ, 120ℝ) Babu, Bajc, Saad, 1612.04329;

Saad, 2212.05291;

Babu, Di Bari, Fong, Saad, 2409.03840; 

Babu, Fong, Saad, 2508.14969

Yu = eiαS + D + eiλA
Yd = e−iαS + eiωr1D + e−iλA
Ye = e−iαS − 3eiωr1D + e−iγr4A
Yν = eiαS − 3D + eiγr4A

MR = vRD,
Mν = − YνM−1

R YT
ν v2

• CPV not maximal

• 0νββ not testable

• Prediction on RHN masses 

    very large hierarchy,

•  GeV, regime not 

    found before
M1 ∼ (105,108)

• B-L breaking scale close to 
GUT scale


• Leptogenesis: Davidson-Ibarra 
bound not satisfied 

  leptogenesis?⇒ N2

# of free parameters: npara = 19

nobs = 18



Predictions via quark-lepton correlation
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Model 3,  with  

All Yukawa’s at EW scale are Hermitian
(10ℂ, 126ℂ, 120ℂ) U(1)PQ × ZP

2 Joshipura, Patel, 1102.5148  
Dueck, Rodejohann, 1306.4468
Fu, King, Marsili, Pascoli,  
Turner, YLZ, 2209.00021

MR = vRD,
Mν = − YνM−1

R YT
ν v2

Yu = S + D + iA
Yd = r2S + r1D + ir3A
Ye = r2S − 3r1D + ir4A
Yν = S − 3D + ir5A

• CPV most likely not maximal

• 0νββ partially testable

• Prediction on RHN masses 

    smaller hierarchy

• B-L breaking scale less 
restricted


• Thermal leptogenesis works

Minimal # of free parameters: npara = 18

nobs = 18



A slide in NOPP 2024
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Fermion masses and mixing in SO(10)

20

Fu, King, Marsili, Pascoli, 
Turner, YLZ, 2209.00021 

Take-away message:

M1 × (2, 5) − 1011 GeV
M3 × (1, 3) − 1013 GeV
mγγ × 10⊃2 eV

And normal ordering preferred
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Adding flavour structures to Yukawas, reducing # of parameters & enhancing predictions 
                                 


Breaking chain: 


In the Model 3 framework with type I + II seesaw mechanism two-zero textures


All Dirac Yukawa matrices take Hermitian UTZT textures. RHN mass matrix is real

SO(10) GUT → Pati-Salam with D parity → Left-Right Symm → SM

Universal Two-Zero Textures in SO(10), UTZT-SO(10)

21f = u, d, e, ν

MR =
0 CR 0

CR B̃R BR

0 BR AR

There are several types of two-zero 
textures, we here focus only on the 
one extended from the Fritzsch three-
zero texture (PLB 78, NPB 79)

 inherits the two-zero texture via seesaw formula, Xing, Zhang, hep-ph/0304234 Mν

     UTZT-SO(10)⇒



Special parametrisation of two-zero textures.


Lepton Yukawa matrices are represented in terms of . Then  are solved by


7 parameters to fit 9 observables

Yu, Yd ce, r1, r2

UTZT-SO(10): reduce free parameters in SO(10)
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Fritzsch, Xing, hep-ph/0212195

Two phases can be rotated away. 
Then, the real matrix is analytically diagonalised.

All Quark Yukawa eigenvalues are taken as inputs, leaving 4 free parameters

give 3 extra free parameters

up to the sign ambiguities 



Predictions of UTZT-SO(10)
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Inputs: 

JUNO 207 days’ result  

NuFIT 6.1

CKM data run to GUT scale



UTZT realised with non-invertible symmetries (NIS)
NIS, a kind of generalised symmetry, is applied in pheno 
study recently and very quickly. 


Using NIS to realise texture zeros provide a physically 
economical approach because it avoids to introduce new 
fields in the effective theory. 


 gauging of : minimal realization of two-zero texturesZ3 Z7

24

By contrast, in canonical flavour symmetry approach, new flavoscalars (flavons) are introduced 
to breaking the symmetry. They enhance the RG running and may lead to Landau pole. 

Conjugacy classes 

Choi, Lam, Shao, 2205.05086;  
Cordova, Ohmori, 2205.06243; 
Cordova, Hong, Koren, Ohmori, 2211.07639; 
Cordova, Hong, Koren, 2402.12453.

Kobayashi, Otsuka, Tanimoto, 2409.05270;  
Jiang, Qu, Ding, 2510.07236;  
Kobayashi, Otsuka, Tanimoto, Uchida, 2505.07262;   
Kobayashi, Otsuka, Yanagida, 2508.12287;  
Qu, Jiang, Ding, 2602.24214

Different from [2602.24214], where the minimal NIS to realise the texture is claimed to be 
 gauging of . The difference is that Higgs in that work does not take a NIS charge.Z3 Z13



Code and data release
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https://github.com/YeLingZhou/GUT_Yukawa_Fit

https://github.com/YeLingZhou/UTZT_SO10

https://github.com/YeLingZhou/GUT_Yukawa_Fit
https://github.com/YeLingZhou/UTZT_SO10


Summary and outlook

JUNO data taking represents the beginning of the era of neutrino precision 
measurements. After one year, some delighted results have been obtained, 
including improvement measurements of mixing parameters and hint on 
normal mass ordering. 


GUTs unify forces and also unify matters, leading to quark-lepton correlation 
between quark and lepton masses and mixing. 


Quark-Lepton correlation in SO(10) favours normal mass ordering, consistent 
the most recent JUNO data.


The more precision data motivates us to further study the flavour textures in 
SO(10) GUTs. Universal two-zero texture, UTZT-SO(10), is a good example. It 
reduces free parameters in GUTs, fits data very well, and gives clear 
predictions. We also considered its realisation in non-invertible symmetries



Backup: benchmarks of SO(10) GUTs
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normal ordering inverted ordering


