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SU(5)  GUT Model



Problem of  SU(5)

●  Doublet-Triplet spli tt ing 

●  Undesirable mass relat ions?

●  Neutrino mass

●  Minimal version of SUSY SU(5) rule out ?







Doublet-Triplet splitting problem

1. The natural separation of doublet and triplet masses. Here, “ natural” mean the

 absence of large cancellations between a priori  unrelated free parameters. 

2. Sufficient suppression of tr iplet-Higgs mediated dimension-five operators that tr igger

proton decay.

3. Precision gauge coupling unif icat ion: any addit ional gauge representation at

the GUT scale wil l contribute threshold corrections that change unif ication of gauge

couplings.

4.          problem. SUSY breaking soft mass between the two Higgs doublets      is of the same 

order as the supersymmetric doublet mass     .  

 sliding singlet      missing partner    missing VEV    pseudo Nambu-Goldstone   Orbifold 

   Clockwork      



Sliding Singlet  for D-T Spli t t ing

    See Sen’s and Barr’s solution with SU(6)



● Missing VEV mechanism for SO(10)

Inverse D-T splitting

Mis s in g  V EV mec ha ni sm o f  SO (10 )



Pr o b l em  wi th  M is s ing  VEV  me c han i sm o f  SO (10 )

   An adjoint         alone is not suff icient to break SO(10) to the Standard Model:

 Requires either spinorial Higgs                 or rank-five antisymmetric tensor 

See Barr & Rabby



pseudo-NG boson mechanisms for D-T spli tt ing

Key Difficulty:



Clockwork  mechanism for  D-T Spl i t t ing



See Ellis, Oliver et al, 
JHEP05(2020)021





Motivation of Flipped SU(5)

Advantages:√

1.  Breaking the GUT group in 4 dimensions while solving doublet-tr iplet spl i tt ing without 

using large GUT representations--Simple Higgs sector

the breaking of fl ipped SU(5) by nonzero VESs with           pair. 

 2. Achieve gauge coupling unif ication at the str ing scale             GeV if extra vector-l ike   

part icles are added   in the weakly coupled heterotic str ing theory    

                                        ---see Tianjun Li ’s work  [hep-ph/0610054]

3. Natural from perturbat ive type II  GUT constructions based on intersecting branes

4.  Supression of Dim-5 proton decay.

Disadvantages:×

 Not genuine GUT



flipped SU(5) with extra fermions

● d=6 proton decay modes can be rotated away.

● Also in ordinary f l ipped SU(5) with proper mixing angles

●  Natural in non-minimal f l ipped SU(5) with extra fermions:

D-T splitting

heavy fields

light fields masses

 Supressed d=6 proton decay



from
RSU )2()6(SU    6E

and

New Fields in addition to non-minimal flipped SU(5):

Missing partner mechanism  Supressed d=6 proton decay as in extended flipped SU(5）

arXiv:1405.2274



Modular Symmetry

● Flavor symmetries are interesting approaches to attack the origin of fermion mass 

hierarchies and mixing angles. 

●  The modular symmetry is a geometrical symmetry of T^2 and T^2/Z_2, and corresponds 

to change of their cycle basis.

● Matter modes transform non-trivial ly under the modular symmetry. That is, the modular 

symmetry is a f lavor symmetry.

●  Texture zeros of the fermion mass matrix provide an attractive approach to understand 

the f lavor mixing. Those can be possibly related with modular f lavor symmetries.

●  The modular f lavor symmetry also control higher dimensional operators.Allowed 

couplings are controlled by str ingy symmetries and n-point couplings are written by 

products of 3-point couplings.



Modular  group 
See Gui-jun Ding’s lecture notes 



Modular  GUT for  f l ipped SU(5)  See Feruglio  arXiv:1706.08749 



See Ye-Ling Zhou’s paper  
1906.02208



Modular  GUT for  f l ipped SU(5)  

Four irreducible representations



In modular GUT framework, the superfields within a multiplet of GUT gauge group  should transform 
identically with the same modulus field.

 It seems that the unification of matter contents will be spoiled if different values of modulus are assigned 
separately for quarks and leptons.  

 We propose to reconcile such an inconsistency in the orbifold GUT

Modular  GUT for  f l ipped SU(5)  



 For Yukawa couplings

Modular  GUT for  f l ipped SU(5)  

 For Higgs sector

for neutrino sector



The fittings of the SM plus neutrino flavor structure are 
sometimes not good enough with a single modulus field, 
which on the other hand prefer multiple values of modulus 
VEVs for various sectors.



See Ye-Ling Zhou’s paper  1906.02208







Form of the mass matrix for representations
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Discard the scenarios with too many free parameters.





Changing in the lepton sector will feed back into the 
quark sector by only affecting  slightly their RGE 
evolutions.  The best fit point for the quark sector is 
almost  insensitive to the changes in the lepton sector. 
So, we keep fixed the best fit point for the quark 
sector while best fit the lepton sector with multiple 







×





see arXiv:1608.05334 by Sarkar,Valle et al

Neutrino 
sector
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Problematic !
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