
FLASY’14, Brighton, June 21 2014

Abelian Higgs models

Michal Malinský

Institute of Particle and Nuclear Physics, Charles University in Prague



FLASY’14, Brighton, June 21 2014

Witten’s loop in the flipped SU(5) UT

Michal Malinský

Institute of Particle and Nuclear Physics, Charles University in Prague



FLASY’14, Brighton, June 21 2014

Witten’s loop in the flipped SU(5) UT

Michal Malinský

Institute of Particle and Nuclear Physics, Charles University in Prague

Carolina Arbelaez Rodriguez 
(IST Lisbon/AHEP Valencia)

in collaboration with 

Helena Šediváková 
(IPNP Prague)



Michal Malinsky, IPNP Prague Brighton, June 21 2014SU(5) a la Witten /many3

Outline

Loop-induced (RH) Majorana neutrino 
masses in a non-SUSY unification

C. Arbelaez Rodriguez, H. Kolešová, MM, PRD89, 055003 (2014)



/ manyMichal Malinsky, IPNP Prague Brighton, June 21 2014SU(5) a la Witten 4

The standard (wrong) argument:
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The devil is in detail:
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No need to be sorry about loops...

In the true quantum vacuum the polynomial       -dependence drops out. M2
S

The poor Higgs is in the same shape like anybody else in the SM...

“Higgs anti-discrimination act”

Full one-loop effective potential level approach: MM, EPJ C73 (2013) 2415
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No need to be sorry about loops...

In the true quantum vacuum the polynomial       -dependence drops out. M2
S

The poor Higgs is in the same shape like anybody else in the SM...

“Higgs anti-discrimination act”

Who cares? Do you mind getting rid of the UV divergences?

Correlations among observables ( = physics) perfectly stable!

Full one-loop effective potential level approach: MM, EPJ C73 (2013) 2415
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The Witten’s loop

- the structure is unique:

need to mimic 126H (5-index tensor) with fields coupled to 16M

these are 10H and 45G with 1 and 2 indices, respectively

10H x 45G x 45G
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The Witten’s loop
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The Witten’s loop

      Not many real applications though!

1980: => not neededNot much known about the scales

mid 1980’s: one-step unification failure

TeV-scale SUSY “came to rescue” => no point
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The Witten’s loop
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The Witten’s loop

Extremely split SUSY:

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

one-step unification 

loops not killed by SUSY

SUSY scalars at the GUT scale
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Towards the core of the Witten’s loop 

Other solutions to the “loop / scale / unification” issue?

non-SUSY GUTs do also unify

need more freedom in running than that in SO(10)

retain testability 

however, this is not one-step which lowers the critical VEV
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Witten’s loop in the flipped SU(5) unification

Towards the core of the Witten’s loop 

C. Arbelaez Rodriguez, H. Kolešová, MM, PRD89, 055003 (2014)
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Flipped SU(5) basics

(10,+1)M � (5,�3)M � (1,+5)M16M 3

2 possible hypercharge assignments:

Standard: uc, Q, ec dc, L ⌫cY = T24

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

SU(5) x U(1)ZSO(10) ⊃
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Flipped SU(5) basics

(10,+1)M � (5,�3)M � (1,+5)M16M 3

2 possible hypercharge 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’
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Flipped SU(5) basics
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- monopoles absent ⇡2(SU(5)⌦ U(1)/SU(3)⌦ SU(2)⌦ U(1))
= ⇡2(SU(5)/SU(3)⌦ SU(2))

= ⇡1(SU(3)⌦ SU(2)) = 0

- unification is not “Grand”, just SU(3) x SU(2)

VEV of (10,+1) =  Witten’s VEV = mass of the X’,Y’ bosons

running is well under control (                             absent)        Fµ⌫hHiFµ⌫/MPl

Flipped SU(5) basics
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Flavour structure:  rather different from the “standard” SU(5)

L 3 Y1010M10M5H + Y510M5M5⇤H + Y15M1M5H + h.c.

Flipped SU(5) basics
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Flavour structure:  rather different from the “standard” SU(5)

L 3 Y1010M10M5H + Y510M5M5⇤H + Y15M1M5H + h.c.

50H usually included to generate RH neutrino masses @ tree level...  

+ down-quark - charged lepton degeneracy gone

Me / Y1 arbitraryMd = MT
d / Y10

Mu = MD
⌫

T / Y5

- neutrinos massive, but heavy & Dirac

MM
⌫ = 0

Flipped SU(5) basics
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The strategy

We use the Witten’s loop to generate

RH Majorana masses in the flipped SU(5) unification

C. Arbelaez Rodriguez, H. Kolešová, MM, PRD89, 055003 (2014)
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The strategy

We use the Witten’s loop to generate

RH Majorana masses in the flipped SU(5) unification

use lepton flavour to learn about p-decay

&

or vice versa

C. Arbelaez Rodriguez, H. Kolešová, MM, PRD89, 055003 (2014)
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Proton decay in SU(5)

(3,2,-5/6)G

ucQecQ, ucQdcL
(I) (II)

Standard SU(5) Nath, Fileviez-Perez, Phys.Rept.441

Dorsner, Fileviez-Perez, PLB605
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SU(5) may be tested by looking at the charged meson final states
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Proton decay in the flipped SU(5)

Flipped SU(5) (3,2,1/6)G

dcQucL, dcQ⌫cQ
(III) (IV)

Nath, Fileviez-Perez, Phys.Rept.441

Dorsner, Fileviez-Perez, PLB605
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There is a clear feature in the charged mesons and in the ratio of the neutral...
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Proton decay in the flipped SU(5)

Flipped SU(5) (3,2,1/6)G

dcQucL, dcQ⌫cQ
(III) (IV)

Nath, Fileviez-Perez, Phys.Rept.441

Dorsner, Fileviez-Perez, PLB605
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Proton decay in the flipped SU(5)

The central formula:

�(p! ⇡0`+↵ ) =
1
2
�(p! ⇡+⌫)|(VCKM )11|2|(VPMNS U⌫)↵1|2
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Proton decay in the flipped SU(5)

The central formula:

�(p! ⇡0`+↵ ) =
1
2
�(p! ⇡+⌫)|(VCKM )11|2|(VPMNS U⌫)↵1|2

If we knew Uν we would have prediction for ALL BNV channels!!! 

�(p! ⇡0`+↵ ) �(p! ⇡+⌫)

�(p! K0`+↵ ) �(p! K+⌫)

�(p! ⌘ `+↵ )

�(n! ⇡�`+↵ ) �(n! ⇡0⌫)
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Proton decay in the flipped SU(5)

The central formula:

�(p! ⇡0`+↵ ) =
1
2
�(p! ⇡+⌫)|(VCKM )11|2|(VPMNS U⌫)↵1|2

If we knew Uν we would have prediction for ALL BNV channels!!! 

�(p! ⇡0`+↵ ) �(p! ⇡+⌫)

�(p! K0`+↵ ) �(p! K+⌫)
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Nothing like that if the RH neutrino mass is due to 50H ...

There are constraints on Uν in the Witten’s loop scenario !!!



Michal Malinsky, IPNP Prague Brighton, June 21 2014SU(5) a la Witten /many22

Witten’s loop anatomy in the flipped SU(5)

C. Arbelaez Rodriguez, H. Kolešová, MM, PRD89, 055003 (2014)
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Witten’s loop anatomy in the flipped SU(5)

Y1010MY1010M5H

µµ 5H10H10H

g

g2

g

C. Arbelaez Rodriguez, H. Kolešová, MM, PRD89, 055003 (2014)
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Witten’s loop anatomy in the flipped SU(5)

Y1010MY1010M5H

µµ 5H10H10H

g

g2

g

MM
⌫ =

✓
1

16⇡2

◆2

g4 Y10 µ
h10Hi2

M2
G

K(...)

K(...) is an O(1) factor depending on the details of the heavy spectrum

C. Arbelaez Rodriguez, H. Kolešová, MM, PRD89, 055003 (2014)
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Witten’s loop anatomy in the flipped SU(5)

DUU†
⌫D�1

⌫ (m1, ...)U⇤
⌫ DU =
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g4 Y10 µ
h10Hi2

M2
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K(...)

The Uν matrix kicks in via seesaw (using                     ) :Mu = MD
⌫

T

C. Arbelaez Rodriguez, H. Kolešová, MM, PRD89, 055003 (2014)
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DUU†
⌫D�1

⌫ (m1, ...)U⇤
⌫ DU =
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◆2

g4 Y10 µ
h10Hi2

M2
G

K(...)

Y10 and μ are constrained from perturbativity + SM vacuum stability

C. Arbelaez Rodriguez, H. Kolešová, MM, PRD89, 055003 (2014)

Witten’s loop in the perturbative & stable regime
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Witten’s loop in the perturbative & stable regime

DUU†
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g4 h10Hi3
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Y10 and μ are constrained from perturbativity + SM vacuum stability

C. Arbelaez Rodriguez, H. Kolešová, MM, PRD89, 055003 (2014)
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Witten’s loop in the perturbative & stable regime

DUU†
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⌫ (m1, ...)U⇤
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( ~1014 GeV
Y10 and μ are constrained from perturbativity + SM vacuum stability

C. Arbelaez Rodriguez, H. Kolešová, MM, PRD89, 055003 (2014)
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Witten’s loop in the perturbative & stable regime

DUU†
⌫D�1

⌫ (m1, ...)U⇤
⌫ DU 

✓
1

16⇡2

◆
g4 h10Hi3

M2
G

K(...)

( ~1014 GeV

0

@
104 0 0
0 5⇥ 108 0
0 0 5⇥ 1013

1

A~                                       GeV
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Y10 and μ are constrained from perturbativity + SM vacuum stability
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Witten’s loop in the perturbative & stable regime
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Only some Uν’s can provide a consistent flavour fit...

Y10 and μ are constrained from perturbativity + SM vacuum stability

C. Arbelaez Rodriguez, H. Kolešová, MM, PRD89, 055003 (2014)
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Only some Uν’s allowed!
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Only some Uν’s allowed!
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Only some Uν’s allowed!
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Only some Uν’s allowed!
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Only some Uν’s allowed!
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Only some Uν’s allowed!
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K = 0.9θ12-independent!
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Only some Uν’s allowed!
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To be superimposed over the observable(s) of interest ...

Γ(p → π0e+) + Γ(p → π0μ+)

Proton decay to neutral mesons+charged leptons

C. Arbelaez Rodriguez, H. Kolešová, MM, PRD89, 055003 (2014)
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Proton decay to neutral mesons+charged leptons
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Superimposing the two: Γ(p → π0e+) + Γ(p → π0μ+) in the perturbative mode

-1.5 -1.0 -0.5 0.0 0.5 1.0 1.5

-1.5

-1.0

-0.5

0.0

0.5

1.0

1.5

q13

q2
3



Michal Malinsky, IPNP Prague Brighton, June 21 2014SU(5) a la Witten /many

C. Arbelaez Rodriguez, H. Kolešová, MM, PRD89, 055003 (2014)

Proton decay to neutral mesons+charged leptons

33

Superimposing the two: Γ(p → π0e+) + Γ(p → π0μ+) in the perturbative mode

-1.5 -1.0 -0.5 0.0 0.5 1.0 1.5

-1.5

-1.0

-0.5

0.0

0.5

1.0

1.5

q13

q2
3



Michal Malinsky, IPNP Prague Brighton, June 21 2014SU(5) a la Witten /many

C. Arbelaez Rodriguez, H. Kolešová, MM, PRD89, 055003 (2014)

Proton decay to neutral mesons+charged leptons
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Proton decay to neutral mesons+charged leptons

33
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K = 2

K = 1

K = 3

Impossible to have both Γ(p → π0e+) and Γ(p → π0μ+) suppressed!

Proton decay to neutral mesons+charged leptons

C. Arbelaez Rodriguez, H. Kolešová, MM, PRD89, 055003 (2014)
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Conclusions / outlook

Flavour structure of the LFV/LNV operators is great fun.

Do not forget about the flavour structure of the d=6 BNV!



Thanks for your kind attention!


