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Dine, Fischler, and Srednicki have proposed a solution to the strong CP puzzle in which
the mass and couplings of the axion are suppressed by an inverse power of a large mass.
We construct an explicit SU(5) model in which this mass is the vacuum expectation value
which breaks SU(5) down to SU(3)®SU(2)®U(1).
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THE MODEL
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SCALAR SECTOR

GUT vacuum expectation value:
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SCALAR SECTOR

electroweak vacuum expectation value:
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SCALAR SECTOR

35-dimensional scalar representation mass relation:

LD p3580" + Ao (D7) 67 + M Dy (D7)(67)507 + AoPape(87) 7 (¢7)5 03

Mg, = Mg —3Mg +3Mg.

lepton number breaking term:
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THE MODEL
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FERMION SECTOR

Yukawa couplings:
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FERMION SECTOR

charged fermion masses:
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FERMION SECTOR

neutrino masses:
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PECCEI-QUINN SYMMETRY
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PECCEI-QUINN SYMMETRY

axion couplings:
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PECCEI-QUINN SYMMETRY

axion mass:
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m,1s in the [0.1, 4.7] neV range




PECCEI-QUINN SYMMETRY

axion coupling to the photons™:
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PECCEI-QUINN SYMMETRY

axion dark matter contribution™:
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PARAMETER SPACE ANALYSIS

- gauge coupling analysis

- fermion mass fit

- proton partial decay lifetimes
- axion parameters
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RESULTS

Y = (0120 +70.00943, 0.513 +0.200, 0.898)
yb — (0.109 +30.150, 0.348 +70.334, 0.195 — 2'0.0211)
ve = (0.00115 +70.00198, —0.0532 +§0.0852, —2.781 —i0.743) x 10~°

Mgur = 1092 GeV, myg, = 10°77 GeV, My, = Mz, = 1015 GeV, Myr. = 1043 GeV, Mym = 10412 GeV, My =
10440 GeV, Mype = 104 GeV, Mym = 107 GeV, My, = 1041 GeV, Mz, = 10'263 GeV, My, = 1032 GeV,
Mg, = 10'463 GeV, Mg, = 10528 GeV, Mgy, = 10418 GeV, Mg,, = 10163 GeV, aglp = 15.62, A = 1.00, 6 =
—48.5°, B = —71.3°



PROTON DECAY

decay channel |current bound 7, [yrs||future sensitivity 7, [yrs]
p—mlel 2.4 x 103 7.8 x 10%*
p— 7yt 1.6 x 10%* 7.7 x 10%
p—net 1.0 x 10%* 4.3 x 1034
p—n’ut 4.7 x 10°3 4.9 x 1034
p— K%e™ 1.1 x 10%° -
p— K%t 3.6 x 10°® -
p—7mtD 3.9 x 10°? -
p—Ktv 6.6 x 10°° 3.2 x 10%*

*Hyper-Kamiokande Collaboration, arXiv:1805.04163 [physics.ins-det].




RESULTS
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RESULTS

neutrino Dirac CP phase:

§” € [-50.7°,55.6°]

neutrinoless double beta decay parameter:

mpg € [1.46,2.24] meV




CONCLUSIONS

The SU(5)*U(1)pq model under consideration predicts existence of an
ultralight axion dark matter within a narrow mass range of [0.1, 4.7] neV.

The entire parameter space of the proposal will be probed through a synergy
between experiments that (will) look for proton decay (Hyper-Kamiokande),
axion dark matter through axion-photon coupling (ABRACADABRA and
DMRadio-GUT) and nucleon electric dipole moments (CASPEr Electric).

The model predicts neutrino Dirac CP phase to be 6" € [—50.7°,55.6°]

It also yields neutrinoless double beta decay parameter to be
mgg € [1.46, 2.24] meV

The model requires normal hierarchy for neutrinos, where one neutrino is
massless.
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PARAMETER SPACE ANALYSIS
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PARAMETER SPACE ANALYSIS
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PROTON DECAY

2\ 2 2
0 4y _ MpT max 2 YGuT
I'p—mn ea)——2 (— 2) ALM4
My GUT

x (A le(eq, d)(n|(ud) LuLlp)* + Agglc(ea, d°)(m°| (ud) rur|p)[*)

c(e,dg) = (ULU)1(ERD} ) as + (ELUT) a1 (ULD} )15
c(ea,d5) = (ULU)11(E} Dy)ag
(v, da, d5) = (ULD} ) 1a(DEN) 51

M, = U,Meey], My = DM D},
M, = Ep Mg, M, = NMYaeNT



RESULTS

Y = (0120 +70.00943, 0.513 +0.200, 0.898)
yb — (0.109 +30.150, 0.348 +70.334, 0.195 — i0.0211)
ve = (0.00115 +70.00198, —0.0532 +§0.0852, —2.781 —i0.743) x 10~°

Mgur = 1002 GeV, myg, = 1077 GeV, My, = Mg, = 10" GeV, Myr. = 103 GeV, Mym = 10412 GeV, My =
10440 GeV, Mype = 104 GeV, Mym = 107 GeV, My, = 1041 GeV, Mz, = 10'263 GeV, My, = 1032 GeV,
Mg, = 10'463 GeV, Mg, = 10528 GeV, Mgy, = 10418 GeV, Mg,, = 10163 GeV, aglp = 15.62, A = 1.00, 6 =
—48.5°, ¥ = —71.3°

...starting from a single benchmark point with a flat prior distribution a Markov-
chain-Monte-Carlo (MCMC) analysis involving a Metropolis-Hasting algorithm is
performed, giving us a total of 6 x 10° datapoints. We then use these points to
calculate the highest posterior density regions of various quantities...



