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Today: Basics 
Tommorrow: Recent Developments in ν ΒSM



“We have a Limited Palette” 
-Sidney Coleman, Quantum Field Theory

 Parameters

• At low energy/long distance renormalizable terms dominate. With 
Particle/Field content of Standard Model, 19 renormalizable terms 

• 6 quark masses, 3 quark mixing angles, 1 CP violating 
phase, determined by Higgs couplings

• 3 charged lepton masses
• 3 gauge couplings, 1 strong CP violating phase
• 2 parameter Higgs potential gives Higgs vev, Higgs 

self-coupling (Higgs mass)
• Sufficient for length scales to 10-33 cm (if we neglect dark matter, gravity 

and ν masses), tested to 10-17 cm
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Searching for Physics Beyond

• New particles (allow new interactions) 

• virtual effects (suppressed by powers of E/M)
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Why is ν special?
• ν mass is BSM, window into GUTs, hidden sectors…

• v and ν mass    important for cosmology

• structure formation

• nucleosynthesis

• baryogenesis

• dark matter(?)

• dark energy(?)

• v and ν mass    important for astrophysics

• stars, supernovae, heavy element nucleosynthesis

• Hints of anomalies

• History of surprises
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Physics of mass
• mass:allow particle to rest

• spinning massless particles have no rest frame,

•  need only 1 helicity (+ CPT conjugate)

• spinning massive particles in complete spin multiplet

• spin 1/2: mass connects different chiralities (potentially with   
different properties, as in SM)

• (helicity=chirality in massless limit only)
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ν mass in the Standard Model

• SM formulated with no “νR”

➡ No Renormalizable ν mass

Why?
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Why no νR?

• seemed like a good idea to explain why  ν massless

• νR not “necessary”

• νR is “sterile”

➡ νR νR mass term allowed

➡  GUT/Planck scale?
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Two ν standard  models 

• Model I: Dirac mass: 4 states/momentum mode

• Lepton number conserved

• weak doublets: νL ⟺ν̅R  

• “Sterile” weak singlets:  ν̅L ⟺νR  
CP

CP
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Two ν models cont. 

• II: Majorana mass: 2 states/momentum mode

• Lepton number violated ν=ν̅, no light sterile ν

• mass term νν breaks lepton number

• appears to break electroweak gauge invariance

• “seesaw model”
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Both ν Models

• Νew degrees of freedom! (sterile ν)

• Dirac: light sterile ν

• Majorana seesaw: light ν is partly sterile
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How do we know ν mass?
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Open questions
• Majorana or Dirac?

• CP?

• ν mass hierarchy?

• absolute ν mass scale?

• Are there light “sterile ν” s? 

• Do ν’s have other interactions (besides weak, gravitational?)
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S. Parke Neutrino 2010
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S. Parke Neutrino 2010

Who cares ?
Neutrino mass is physics “beyond the Standard
Model”, but . . .
we can account for neutrino mass with right
handed neutrinos and/or lepton number violating
nonrenormalizable interactions in
“the ν Standard Model(s)”
no rev!ion of sacred p"nciples needed ei$er way
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The ν  
portal

PORTALS TO NEW SECTORS 

ν portal:   sterile ν’s , ν anomalies, ν forces….

ν

• (Beyond) The  ν                                                  
Standard Model

• Sectors and the theoretical terrain
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What is a ‘portal’ ???
• in science fiction and virtual ‘reality’: a useful short cut to 

another sector.

• in particle theory???

• Better than a “window”.  You don’t just see the indirect effects 
of the hidden sector, you can go there. (make new kinds of 
particles)

• Two useful ingredients of a portal

1. Dimensional analysis: possibility of a term in an effective 
theory which connects two sectors

2. A long lived particle associated with the operator which can 
use the connection to oscillate or decay into the hidden 
sector
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Portal to hidden sector
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standard 
model  

operator

hidden 
sector  

operator

scale of “messenger physics”



ν
Ηiggs γ

ℓ<H> <H> H† Fμν

Ko,Bd,
Bs, Do

<H>qγ5q
_

Portals!
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ν  mixing, ν force 

• first term gives tiny Majorana ν masses 

• last four terms conserve lepton number 

• mass matrix from first three terms: 

• 3 very light Majorana ν’s, mass from first term 

• 1 heavy (e.g. eV—TeV) Dirac ν, mass 

• 4x4 ν mixing matrix
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3+1 heavy
sterile τ μ e

sterile τ μ e

steri τ μ e

steri τ μ e

eV-TeV

<0.1eV

θτ42 θμ42

θe42
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ν force

• N’s could carry new gauge charges (broken by φ) 

• φ scalar is a new force 

• light ν are part N, experience new forces 

• anomalous MSW matter effects: N has no weak 
neutral current
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• Dark Energy 

• Dark Matter (will discuss ν 
connection)

What good is ν portal ???
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Summary and Outlook
• ν mass

• tiny, inferred via flavor oscillations

•  is physics beyond the standard model, probably involving a new fermion 
with no standard gauge interactions

• Beyond the “standard” neutrino model

• Does ν interact with Dark Matter? (stay tuned)

• Non standard ν interactions via ν portal (mixing with nonstandard 
fermion)

• Are (fractions of) the ν part of a dark sector?
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