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Early Papers
with

Ignatios

35 years already!

Striving to link string 
theory with accessible

particle
physics:

Model-building,
time-dependent

cosmological solutions



Generalised No-Scale Structure

Crucial for cosmological model-building
(no Planck-scale holes in the effective potential):

Basis for supersymmetric models of inflation (later)



Our Biggest Hit!

Resurrection of flipped SU(5):
motivated by possibility of 

derivation in weakly-coupled 
heterotic string theory, 

because no need of adjoint (or 
larger) Higgs representation



• Extend GUT SU(5) with additional U(1) [motivated by string theory]

• “Flipped” fermion assignments to representations:

•Break GUT symmetry with 10-dimensional Higgses, electroweak 
symmetry with 5-dimensional Higgses:

• Superpotential:

Flipped SU(5) GUT
Antoniadis, JE, Hagelin & Nanopoulos, 1987



First Version of Stringy Flipped SU(5)

First candidate unified “Theory of Everything”:
derived using fermionic formulation of weakly-coupled heterotic string

(Antoniadis, Bachas and Kounnas✟)



Refined Version of Stringy Flipped SU(5)

Our second-biggest hit!



Meanwhile 
Back in the 
Universe

Time-dependent 
model of 

cosmology based
on non-critical 
string theory



Not Forgetting …!

Key issues in the phenomenology of strings and 
supersymmetry



Daedalus or Icarus?



• Simple GUT models (SU(5), SO(10)) not obtained from 
weakly-coupled string
– They need adjoint Higgs, …

• Flipped SU(5)×U(1) derived, has advantages
– Small (5-, 10-dimensional) Higgs representations
– Long-lived proton, neutrino masses, leptogenesis, …

• Construct model of Starobinsky-like inflation within 
flipped SU(5)×U(1) framework

A Model of Everything
Flipped Almost

�

Below the Planck Scale

JE, Garcia, Nagata, Nanopoulos & Olive, arXiv:1910.11755



The Big 
Picture

JE, Garcia, Nagata, Nanopoulos & Olive, arXiv:1910.11755



The Big Picture

The Big 
Picture

JE, Garcia, Nagata, Nanopoulos & Olive, arXiv:1910.11755



The Big Picture

Inflation Cries out for Supersymmetry

• Want “elementary” scalar field
(at least looks elementary at energies << MP)

• To get right magnitude of perturbations
prefer mass << MP

(~ 1013 GeV in simple φ2 models)
• And/or prefer small self-coupling λ << 1
• Both technically natural with supersymmetry

JE, Nanopoulos, Olive  & Tamvakis 1983



• Stabilize ‘elementary’ scalar inflaton
(needs mass << mP and/or small coupling)

• Supersymmetry
• The only good symmetry is a local symmetry

(cf, gauge symmetry in Standard Model)
• Local supersymmetry = supergravity
• Early Universe cosmology needs gravity
• Supersymmetry + gravity = supergravity

Inflation cries out for Supergravity



• Supersymmetry + gravity = Supergravity
• Include conventional matter?
• Potentials in generic supergravity models have ‘holes’ 

with depths ~ – MP
4

• Exception: no-scale supergravity
• Appears in compactifications of string
• Flat directions, scalar potential ~ global model + 

controlled corrections

No-Scale Supergravity Inflation

JE, Nanopoulos & Olive, arXiv:1305.1247, 1307.3537, …

Cremmer, Ferrara, Kounnas
& Nanopoulos, 1983

Witten, 1985

JE, Enqvist, Nanopoulos, Olive & Srednicki, 1984



Old No-Scale Supergravity Model 
of Inflation

No ‘holes’ in 
effective potential 

with negative 
cosmological 

constant

JE, Enqvist, Nanopoulos, Olive & Srednicki, 1984



No-Scale Supergravity Inflation

• Inflationary potential for 

JE, Nanopoulos & Olive, arXiv:1305.1247

Special case = Starobinsky



The Big Picture

The Big 
Picture



• Neutrinos couple to singlet scalars:

• Neutrino mass matrix:

• Double seesaw for heavy & light neutrinos:

Neutrino Masses & Mixing

λ6 key parameter in flipped SU(5)

JE, Garcia, Nagata, Nanopoulos & Olive, arXiv:1906.08483, 1910.11755  



Light Neutrino Masses
Normal ordering vs inverse ordering

JE, Garcia, Nagata, Nanopoulos & Olive, arXiv:1910.11755  



Cosmological Baryon Density
• Generated by CP violation in heavy neutrino decay

Correct amount with appropriate entropy gain Δ ≥ 104

JE, Garcia, Nagata, Nanopoulos & Olive, arXiv:1910.11755  



B Decay in Flipped SU(5) vs Unflipped
JE, Garcia, Nagata, Nanopoulos & Olive, arXiv:2003.03285

Probing different decay modes can distinguish
between different models



Hyper-Kamiokande Experiment
Water Čerenkov detector
Being built to measure CP 
violation in neutrino 
oscillations



Fermilab Measurement of 𝑔! − 2

Abi et al, arXiv:2104.03281

FNAL result:
Combined result:
Difference from Standard Model:



Interpretation Papers



Smuon

Neutralino DM

MasterCode, E. Bagnaschi, …, JE et al, arXiv:1710.11091

𝑔! − 2 in 
Phenomenological

Supersymmetry
(pMSSM11)

No problem accommodating BNL/FNAL result
Neutralino DM, smuon masses ∼ 300/400 GeV

Can accommodate
𝑔! − 2 result

No relation between squark/gluino masses
and slepton/neutralino masses



Smuon

Neutralino DM

MasterCode, E. Bagnaschi, …, JE et al, arXiv:2108.xxxxx

𝑔! − 2 in Supersymmetric 
SU(5) GUT

(CMSSM)

Scenario relates squark/gluino masses 
to slepton/neutralino masses

Cannot accommodate BNL/FNAL result
Smuon masses ≳ 4 TeV

Very small contribution
to 𝑔! − 2

Assume universality between squark & slepton,
and between gluino and electroweakino masses

at GUT scale



• Extend GUT SU(5) with additional U(1) [motivated by string theory]

• “Flipped” fermion assignments to representations:

•Break GUT symmetry with 10-dimensional Higgses, electroweak 
symmetry with 5-dimensional Higgses:

• Superpotential:

• Scan free parameters of model:

Flipped SU(5) GUT

Antoniadis, JE, Hagelin & Nanopoulos, 1987

Lightest neutralino
& lighter smuon

can have small masses



𝑔! − 2 in CMSSM & Flipped SU(5)
vs BMW Lattice, Data-Driven Calculations

Scan of 𝑎
˜
% as function of Higgs mass, Higgs mixing

JE, Evans, Nagata, Nanopoulos & Olive, arXiv:2107.03025



𝑔! − 2 in Flipped SU(5)
Parameters & predictions at best-fit point

JE, Evans, Nagata, Nanopoulos & Olive, arXiv:2107.03025

Opportunities to 
search for light smuon, 

neutralino at LHC
Other sparticles too 

heavy?

Get good CDM density
without even trying!



My Message to Ignatios:

Keep on Flipping! 

Refrain from “Supersymmetry” by Arcade Fire:

I know you're living in my mind
It's not the same as being alive


