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Not many true applications though!

Early 1980’s: no need for a hierarchy of scales (seesaw vs. GUT)
stability issues in the minimal SO(10) scenario
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The Witten’s loop

Not many true applications though!

Early 1980’s:

Mid 1980’s: paradigm shift towards TeV-scale SUSY, loops killed

no need for a hierarchy of scales (seesaw vs. GUT)

Bajc, Senjanovic, Phys. Lett.B610 (2005) 80

Few exceptions: super-split supersymmetry - scalars at the GUT scale

stability issues in the minimal SO(10) scenario
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Witten’s loop in the flipped SU(5)

see also G.K.Leontaris and J.D. Vergados, PLB 258 (1991), 111
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Flipped SU(5) crash course

SU(5) x U(1)ZSO(10)⊃
(10,+1)M � (5,�3)M � (1,+5)M16M 3Matter:
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Flipped SU(5) crash course

2 possible YSM assignments:

Standard: uc, Q, ec dc, L ⌫cY = T24

Flipped: dc, Q, ⌫c uc, L ecY = 1
5 (Z � T24)

Symmetry breaking: 16H 3 (10,+1)H SU(5) x U(1) to the SM

(5,�2)H10H 3 SM to the QCD x QED

Gauge sector: 45G 3 (24, 0)G � (1, 0)G

SU(5) x U(1)ZSO(10)⊃

3 (3, 2,� 1
6 )G + h.c.

X’,Y’

(10,+1)M � (5,�3)M � (1,+5)M16M 3Matter:
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RH neutrino masses in the flipped SU(5)

Tree level: 10MY5010M h50Hi
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Witten’s loop:
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RH neutrino masses in the flipped SU(5)
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Tree level: 10MY5010M h50Hi OK, but overkill
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Witten’s loop:

6

RH neutrino masses in the flipped SU(5)

Y1010MY1010M5H

µµ 5H10H10H

g

g2

g

O(1) factor depending 
on the details of 
the heavy spectrum

MM =
1

(16⇡2)2
g4µY10

h10Hi2

M2
X

K(...)

Tree level: 10MY5010M h50Hi OK, but overkill
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Seesaw - the key to phenomenology

MD
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⌫ (MD
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Seesaw - the key to phenomenology

MD
⌫ m�1

⌫ (MD
⌫ )T = MM

0

@
104 0 0
0 5⇥ 108 0
0 0 5⇥ 1013

1

A~                                       GeV for Uν = 1 and m1 = 8 x 10-2 eVLHS:

Feature 1 : absolute neutrino mass scale

       looks like                                        GeV-1 !!! 

0

@
1010�1 0 0

0 1010�11 0
0 0 1010

1

AD�1
⌫

Feature 2 : Flavour structure constrained (Uν )

~1014-15 GeV

Perturbativity, non-tachyonicity:

|DuU
†
⌫D

�1
⌫ U⇤

⌫Du| . K(...)⇥ 10�2MX
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The magic of Uν - BNV nucleon decays

�(p! ⇡0`+↵ ) �(p! ⇡+⌫)

�(p! K0`+↵ ) �(p! K+⌫)

�(p! ⌘ `+↵ )

�(n! ⇡�`+↵ ) �(n! ⇡0⌫)

�(n! K�`+↵ ) �(n! K0⌫)

�(n! ⌘ ⌫)
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Neutral mesons:
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The magic of Uν - BNV nucleon decays

Neutral mesons:

�(p! ⇡0`+↵ ) =
1
2
�(p! ⇡+⌫)|(VCKM )11|2|(VPMNS U⌫)↵1|2
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If we knew Uν there would be a prediction for ALL BNV channels!!! 
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Proton decay into to neutral mesons+charged leptons

Unlikely to have both 
Γ(p → π0e+) and Γ(p → π0μ+) 

arbitrarily suppressed 

C.Arbelaez-Rodriguez, H.Kolešová, MM, PRD89

K
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How about K?

Broken phase (massive) perturbation theory, unitary gauge:

⌫c ⌫c ⌫c ⌫c ⌫c ⌫c
X X X

X

X

X�1,2

�1,2 �1,2

Q Q Q Qdc dc

D. Harries, MM, M. Zdráhal 2018 (in preparation)

MM = ⌃
1-loop

(0) + . . .
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How about K?

- Each single graph is UV divergent.    No d=4 counterterm - Σ(0) must be finite!

- No way to generate MM at one-loop - no one-loop counterterm graphs 

- Beware of possible IR divergences - internal fermions essentially massless!

Broken phase (massive) perturbation theory, unitary gauge:

⌫c ⌫c ⌫c ⌫c ⌫c ⌫c
X X X

X

X

X�1,2

�1,2 �1,2

Q Q Q Qdc dc

Zero-momentum two-loop integrals: M.J.G. Veltman, J. Van der Bij, Nucl. Phys. B231, 205 (1984)

D. Harries, MM, M. Zdráhal 2018 (in preparation)

MM = ⌃
1-loop

(0) + . . .
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⌫c ⌫c
X X

�1,2

Q Q

D. Harries, MM, M. Zdráhal 2018 (in preparation)
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⌫c ⌫c
X X
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Q Q
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�
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2"
UV divergences (in dim. reg.):

D. Harries, MM, M. Zdráhal 2018 (in preparation)
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UV divergences (in dim. reg.):

Exactly cancelled among the three topologies!

D. Harries, MM, M. Zdráhal 2018 (in preparation)

How about K?
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Results

D. Harries, MM, M. Zdráhal 2018 (in preparation)
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(U�)i1(U
⇤
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�i

m2
X
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Smoking gun signals of the minimal flipped SU(5) unification 

 Push towards a quasi-degenrate neutrino spectrum

A lower limit on Γ(p → π0e+) + Γ(p → π0μ+)

The minimal scenario is necessarily a “TH5M”
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Thanks for your kind attention!


