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Manolis before CERN 
• Mathematical physics 

 

• Pomeron phenomenology 

 



When Manolis arrived at CERN 

• Applications of perturbative QCD 

– Deep-inelastic scattering, … 

• 3-jet events in e+e- annihilation 
suggested in 1976 

• Put on firm basis by Sterman & 
Weinberg in 1977 

– Jet physics 

• (Discovery of gluon in 1979) 

JE, Gaillard & G.Ross 



Manolis and Gluon Jets 

• Gluon bremsstrahlung in e+ e- annihilation 
would give rise to 3-jet events 

• Detailed study of event shapes 

 

 

 

 

 

 

 

• In some cases even `Mercedes stars’ 



Manolis and Gluon Jets 

• Experimental confirmation 

 via event shapes 



Manolis at CERN: 
 Higher-Order QCD 
in Deep-Inelastic 

Scattering 



CHEEP thrills 
Manolis 

• The first paper on 
perturbative QCD jets 
in ep collisions 

• First high-energy ep 
physics study for 
CHEEP 

• Led to HERA 



Manolis and 
Jet 

Fragmentation 

• Series of papers 
on perturbative 
QCD evolution 
of particle 
spectra in jets 



Manolis and Jet Fragmentation 

• Calculations …. 



Manolis’ Legacy: QCD Today 

• Important contributions from processes 
pioneered by Manolis 

• αs(mZ) = 0.1185 ± 0.0006 



Later Papers with Manolis 

• Low-energy effective field theory for 
superstring phenomenology 

 

 

 

• Wormhole phenomenology 

  mu/md = 44/130 ?? 



Cosmological Inflation in Light of Planck 

 

 

 

 

 

 

 
A scalar in the sky? Supersymmetry/supergravity? 



Inflationary Models in Light of Planck 

• Planck CMB observations consistent with inflation 

• Tilted scalar perturbation spectrum (rolling down): 

   ns = 0.9585 ± 0.070 

• BUT strengthen limit on 

 tensor perturbations: r < 0.10 

• Challenge for simple  

 inflationary models 

• Starobinsky R2 to rescue? 

• Higgs/Supersymmetry/supergravity to rescue? 

Bicep2 



Starobinsky Model 
• Non-minimal general relativity (singularity-free 

cosmology): 

• No scalar!? 

• Inflationary interpretation, calculation of 
perturbations: 

 

• Conformally equivalent to scalar field model: 

 

 

Starobinsky, 1980 

Mukhanov & Chibisov, 1981 

Stelle; Whitt, 1984 



Inflation cries out for 
Supersymmetry (& Supergravity) 

• 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 



No-Scale Supergravity Inflation 

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



No-Scale Supergravity Inflation 

• Simplest SU(2,1)/U(1) example: 

• Kähler potential: 

• Wess-Zumino superpotential: 

• Assume modulus T = c/2 fixed by ‘string dynamics’ 

• Effective Lagrangian for inflaton:  

          : 
• Modifications to globally supersymmetric case 

• Good inflation possible … 
JE, Nanopoulos & Olive, arXiv:1305.1247 



No-Scale Supergravity Inflation 

• Inflationary potential for  

JE, Nanopoulos & Olive, arXiv:1305.1247 

Special case = Starobinsky 



• Possible to accommodate quadratic potential 

 

• Can stabilize T, Im ϕ while Re ϕ inflates 

 

JE, García, Nanopoulos & Olive, arXiv:1403.7518 

No-Scale Supergravity Inflation in 
Light of BICEP2 



• A no-scale supergravity model of inflation that 
interpolates between Planck and BICEP2: 

 
• Identify inflaton with components of modulus T: 

 
 

• Effective Lagrangian: 

 

A No-Scale Inflationary Model to 
Fit Them All 

JE, García, Nanopoulos & Olive, arXiv:1405.0271 

Starobinsky Quadratic 

Motivated by orbifold compactification 



• Predictions for general initial conditions 

• ns, r as functions of initial values 

 

 

 

 
 

• Time will tell what Nature has chosen! 

A No-Scale Inflationary Model to 
Fit Them All 
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• Isocurvature effects on curvature perturbations 
may suppress tensor/scalar ratio r 

• ns, r, non-Gaussianity dependences on initial values 

 

 

 

 
 

Two-Field Analysis of 
No-Scale Inflationary Model 

JE, García, Nanopoulos & Olive, arXiv:1409.8197 



Manolis the Council Delegate 

• Distinguished Greek visitors to CERN 

 

 

 

• Resources for Greek 

 experimenters 

• Tough choices 



38 years after we first met … 

… looking forward to the 
next 38 years 


