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Thou shalt be careful about vanilla “you-know-what” 
 because almost anything is possible there, the correct

    is attainable in too many different ways ⌘B

2nd Hirsch commandment:

… and at some point Martin got rather depressed about it :-)
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We consider an extended supersymmetric SO(10) seesaw model with only doublet Higgs scalars, in
which neutrino masses are suppressed by the scale of D -parity violation. Leptogenesis can occur at the
TeV scale through the decay of a singlet !, thereby avoiding the gravitino crisis. Washout of the
asymmetry can be effectively suppressed by the absence of direct couplings of ! to leptons.
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One of the most attractive scenarios to account for the
baryon-to-photon ratio of the universe is leptogenesis [1,2]
in the context of the seesaw mechanism [3– 7]. According
to this the out-of-equilibrium decays of the lightest right-
handed (s)neutrinos produce a net lepton number which is
later reprocessed into the observed baryon asymmetry.
However, if they are thermally produced in the early uni-
verse, the reheating temperature (TR) should exceed
!109 GeV [8,9]. In the context of supersymmetry, this
leads to the overproduction of gravitinos, with catastrophic
consequences for the evolution of the universe [10].
Although somewhat model-dependent, the upper bound
on TR from gravitino overproduction is rather stringent
and can be as strong as TR < 106– 7 GeV [11].

Here we suggest a way to cure this problem by extending
the seesaw mechanism. In contrast to Ref. [12] we keep
R-parity conserved and adopt a supersymmetric grand
unified SO(10) model, already proposed in [13]. The model
requires three sequential gauge singlet superfields Si, i "
1, 2, 3 in addition to the three usual fermions in the 16-
dimensional representation of SO(10) [14]. In contrast to
conventional seesaw, the left-right symmetry is broken
only by Higgs doublets [15– 17]. One remarkable feature
of these models is that the scale of neutrino masses is
independent of the (B# L) breaking scale [13]. We as-
sume an additional singlet superfield ! without direct
couplings to the usual matter multiplets. It is the out-of-
equilibrium decay of this superfield ! that drives lepto-

genesis. Its mass can be as low as TeV, thus avoiding
conflict with reheating bounds [11]. Moreover, in contrast
to the simplest, unextended seesaw, one can naturally
suppress erasure of the created asymmetry due to washout
processes without conflicting with the magnitude of neu-
trino masses indicated by oscillation experiments [18].

The present model spontaneously violates D -parity,
which connects the subgroups SU$2%L and SU$2%R of
SO(10). In the left-right symmetric models the D -parity
is identified with the usual parity operation of the Lorentz
group. Thus the vacuum expectation value (vev) of any
D -parity odd singlet scalar can break parity spontaneously
even when SU$2%R is unbroken. This can have important
implications, for example, it makes the SU$2%L and SU$2%R
gauge couplings differ, and similarly the masses of left-
handed and the corresponding right-handed fields. In an
SO(10) grand unified theory, the adjoint and the 210 rep-
resentations contain D -parity odd singlet fields that can
break parity spontaneously [19].

Here we consider the symmetry breaking pattern
 

SO $10% !45 210
SU$3%c & SU$2%L & SU$2%R & U$1%B#L

!!RSU$3%c & SU$2%L & U$1%Y

!!L;"SU$3%c & U$1%Q : (1)

We also impose a global U$1%G symmetry, under which all
three minimal SO(10) matter supermultiplets (superfields
with odd matter parity) in the 16 are neutral and the gauge
singlet matter superfields Si, i " 1, 2, 3 carry nonzero
G-charge. In addition, we introduce singlet chiral super-
fields ! and X, the latter with G " 0 and invariant under
D -parity.

For the symmetry breaking we consider the minimum
number of Higgs scalars. In addition to the adjoint, we
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Making things less disturbing for Martin…

Thou shalt be careful about vanilla            , 
 because almost anything is possible there, the correct

    is attainable in too many different ways ⌘B
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Take-home message

may turn into a strong discriminator if further constraints on Yukawas
  and/or neutrino spectral shape are at place (top-down)

⌘B

A trivial optimist’s rearrangement:

The minimal unified model with flipped hypercharge assignment 
is a perfect illustration of this! 

Thou shalt be careful about vanilla            , 
 because almost anything is possible there, the correct

    is attainable in too many different ways ⌘B

2nd Hirsch commandment:
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BLNV nucleon decays in flipped SU(5) - one Uν rules them all
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⇡
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BLNV nucleon decays in flipped SU(5) - one Uν rules them all

Neutral mesons:

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

�(p! ⇡0`+↵ ) �(p! ⇡+⌫)

�(p! K0`+↵ ) �(p! K+⌫)

�(p! ⌘ `+↵ )

�(n! ⇡�`+↵ ) �(n! ⇡0⌫)

�(n! K�`+↵ ) �(n! K0⌫)

�(n! ⌘ ⌫)

Nath, Fileviez-Perez, Phys.Rept.441

Dorsner, Fileviez-Perez, PLB605

m⌫ = U⌫
TD⌫U⌫

Constraining       yields constraints for ALL 2-body BNV channels!!! U⌫
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Tree level: 10MY5010M h50Hi OK in principle but overkill
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C. Arbelaez-Rodriguez, H. Kolešová, MM PRD89 (2014)

NB first brief mention of this option in flipped SU(5) : Leontaris, Vergados, PLB 258 (1991)
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The Witten’s loop

Phys. Lett. B91 (1980) 81
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Seesaw formula - the key to phenomenology
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Severity of these constraints depends on       and the lightest neutrino mass m1…U⌫
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The parameter space (m1, Uν)
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The parameter space (m1, Uν)
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Uν features in proton decay rates

Unlikely to have both Γ(p → π0e+) and Γ(p → π0μ+) arbitrarily suppressed
(in the small m1 regime) 

C.Arbelaez-Rodriguez, H.Kolešová, MM, PRD89 (2014)
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Uν features in proton decay rates

Unlikely to have both Γ(p → π0e+) and Γ(p → π0μ+) arbitrarily suppressed
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K ?

18

- Each graph is UV divergent but no d=4 counterterm - Σ(0) must be finite

NB. Zero-momentum two-loop integrals:  M.J.G. Veltman, J. Van der Bij, Nucl. Phys. B231, 205 (1984)
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D. Harries, MM, M. Zdráhal PRD98 (2018)

Broken phase massive PE, unitary gauge:

MM = ⌃1-loop(0) + . . .
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How about the “large m1”regime?
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Planck 2018:  Is            possible in this scenario?!
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D-I limit can be cheated quite easily…
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How about the “large m1”regime?

Planck 2018:  Is            possible in this scenario?!
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†D⌫

�1U⌫
⇤Du = MM m2

um
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t = m1m2m3M1M2M3

-        may need to be special though           further constraints on BLNV rates (?)  U⌫

T. Hambye, Y. Lin, A. Notari, M. Papucci,  A. Strumia, Nucl.Phys.B 695 (2004)

D-I limit can be cheated quite easily…
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CP 
asymmetries

20

“Large m1” regime : CP asymmetries OK, washout typically large

Miřátský, Fonseca, Zdráhal, MM, arXiv:2312.08357

Thermal            in the minimal flipped SU(5) à la Witten

N1 N2
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“Large m1” regime : CP asymmetries OK, washout typically large

Miřátský, Fonseca, Zdráhal, MM, arXiv:2312.08357

Thermal            in the minimal flipped SU(5) à la Witten

N1 N2
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Miřátský, Fonseca, Zdráhal, MM, arXiv:2312.08357

Thermal            in the minimal flipped SU(5) à la Witten

Detailed numerical analysis (ULYSSES)

A. Granelli et al., Comput.Phys.Commun. 262 (2021) 

“Large m1” regime : resulting (maximum) ⌘B
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Thermal            in the minimal flipped SU(5) à la Witten

Detailed numerical analysis (ULYSSES)

A. Granelli et al., Comput.Phys.Commun. 262 (2021) 

“Large m1” regime : resulting (maximum) ⌘B

Domain A: N1, large 𝜺1, large washout

Domain B: N2, large 𝜺2, large washout

Domain C: N2, good 𝜺2, suppressed washout
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Domain C: N2, good 𝜺2, suppressed washout

Not a single good point found!!!
(several tens of millions generated)
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Thermal            in the minimal flipped SU(5) à la Witten

Detailed numerical analysis (ULYSSES)

A. Granelli et al., Comput.Phys.Commun. 262 (2021) 

“Large m1” regime : resulting (maximum) ⌘B

Domain A: N1, large 𝜺1, large washout

Domain B: N2, large 𝜺2, large washout

Domain C: N2, good 𝜺2, suppressed washout

Not a single good point found!!!
(several tens of millions generated)

“Large m1 ” regime sterile

No signal in KATRIN
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Detailed numerical analysis (ULYSSES)

A. Granelli et al., Comput.Phys.Commun. 262 (2021) 
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Miřátský, Fonseca, Zdráhal, MM, arXiv:2312.08357

Thermal            in the minimal flipped SU(5) à la Witten

“Small m1” regime - no problem to get large enough ⌘B
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Detailed numerical analysis (ULYSSES)

A. Granelli et al., Comput.Phys.Commun. 262 (2021) 

22

Miřátský, Fonseca, Zdráhal, MM, arXiv:2312.08357

Thermal            in the minimal flipped SU(5) à la Witten

“Small m1” regime - no problem to get large enough ⌘B

Further constraints on p-decay!
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